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This final report summsrlzee the results of a study performed for analysis and 
definition of imape terminals and configurations required to meet anticipated 
Department of Defense image transmission requirements. The report reviews the 
basic study requirements and system constraints and contains a brief review of 
some system considerations for image terminal interaction and throughput. It is 
shown that some form of data conpresslon is required to achieve the desired 
throughput. The specific recorder/scanner candidates include laser-galvanometer 
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cathode ray tube, dru» «id l«»«r beam typea. It la concluded that terinlnal 
conflgurationa ahould be baaed on dru« and laaer-galvanoaeter recorder/acanner 
technology, depending! upon the type of Imagery which la to be proceaaed by the 
terminal. The main featuraa and performance parametera of four terminal typea 
are briefly deecrlbed. The terminal conflgurationa are compriaed of ■odul" 
component» which, beginning with the leaat complex veraion, can be upgraded by 
adding higher performance recorder/acannera and more proceaaing capability. 
Advanced development projacte are recommended to be performed in conjunction 
with the program and a aummary of coat eatimate« for aeveral potential network 
implementation acenarloa ia provided. The final aection la an appendix which 
diacuaaea the current and anticipated military coamunicationa environment in 

Europe. 
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1.0 INTRODUCTION 

This final report summarizes the results of a study performed for Rome Air 

Development Center by HARRIS Electronic Systems Division (Harris ESD) for analysis and 

definition of image terminals and configurations required to meet anticipated Department 

of Defense requirements.   The report is divided into four major sections and an Appendix. 

Section 2.0 reviews the basic study requirements and system constraints and contains a 

brief review of some system considerations for image terminal interaction and throughput. 

It is shown that some form of data compression is required to achieve the desired throughput. 

Section 3.0 is the major technical section in which evaluation of various technologies, 

equipment, and operability conditions is performed.   The specific recorder/scanner candi- 

dates include laser-galvanometer, cathode ray tube, drum and loser beam types.   It is 

concluded that terminal configurations should be based on drum and laser-galvanometer 

recorder/scanner technology, depending upon the type of imagery which is to be processed 

by the terminal.   Section 4.0 briefly describes the main features and performance param- 

eters of four terminal types.   The terminal configurations are comprised of modular compo- 

nents which, beginning with the least complex version, can be upgraded by adding higher 

performance recorder/scanners and more processing capability.   Section 5.0 describes 

advanced development projects which are recommended to be performed in conjunction 

with the program and JISO summarizes the cost estimates for several potential network 

implementation scenarios.   The final section is an appendix which discusses the current 

and anticipated military communications environment in Europe. 
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REQUIREMENTS AND SYSTEM CONSTRAINTS 
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2.0 REQUIREMENTS AND SYSTEM CONSTRAINTS 

2,1 Sy»tom Definifiom ond AwumpHoni 

The prJmory fechnicol requirement of fhis study is to produce general speci- 

fication,, operational analyse» and cost data for several different image terminals.   The 

image tcminals, which ore points of interface with an imagery tran«nission system, are 

devices used for the receipt ond/or transmission of dectrically tronsmitted imag^y.   The 

four different type, of tenninols evaluated are classified according to »heir ability to 

receive and/or transmit a range of image scanning densities.   The "B" terminal has the 

capability of transmitting und receiving imafes with the highest resolution, i.e., with 

»canning density of 2000 I Winch ^ W.   ^ ..<... tem]no] ^.^ J^^ 

Imagery at scanning demitt«, of i*fween 800 and 1000 lines/Jnch and lower.   The "D" 

tennlnal recelv« and trommlh between 300 and 500 lines/Inch and lower whereas the 

"E" tennlnal, which we will refer to hereafter a. ihe DRO ("D" Read Only) terminal, 

selves 300 to 500 lln«/}nch and lower imagery.   For purpces of this study. It I. 

assumed that Imagery received from, or t^nmltted to, temrfnal. with a scan density 

lower than 300 ta 500 lir^s per Inch will be consistent with the operating par.n.ter. 

of the Tactical Digital FacslmMe (TDF) equipment. 

Four image quality group, have been defined so that a generalized Imogt 

quality performance characteristic can be Identify and <«ociated with an image 
product. 

•      Low Readability (LR);  A level of image quality that is suitable for 

briefing aids and similar products as defined by individual users.   This 

quality level, chosen to be less than 3 line pairs per millimeter. Is 

established to provide a quality descriptor for transmitted materials 

which con fulfill an operational requirement even at this relatively 

low resolution.  Briefing quality materials would be suitable for trans- 

mlitlon by a system which operates at leu than 220 lines per Inch. 

,h 
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•      Medium Re<idobili»y (MR):   An image quality range of 3-6 line pain 

per millimeter viewed at a distance of 18 inches with average lighting 

and contrast (physiological limit of the average eye).   An image of 

quality greater than medium readability could be optically magnified 

to obtain more information.   An image of less than medium readability 

quality, if optically magnified, would not provide additional informa- 

tion.   This quality is resolvable by a scanning system operating 

between 220 and 430 lines per inch. 

• High Readability QjR);  An image quality range of 6-20 lines per milli- 

meter.   This quality is resolvable by a scanning system operating at 

430 to 1400 lines per inch. 

• PI Quality;   PI quolity i, defined as an image quality range varying 

from the upper bound of the "High Readability Quality" range to the 

quality of the sensing system that created the original Image.   Actual 

transmitted qualities may vary throughout this range depending upon 

format and magnification facto«; however, the Information content of 

»he sensing system shall be retained at closely as pculble. 

Figure 2.1 compares the terminal scan density range with the image quality 

ranges defined above. A terminal of a given scan density range also includes the ability 

to receive and/or transmit at lower scan densities. 

Evaluation Factors 

Factors used as a basis for technical evaluation of the terminal are sum, 
marized below: 

•     Solution:  A factor which covers a broad rang, from about 3-30 

cycles per millimeter.   The principle aim of the study I. to configure 

the terminal to provide a capbblty for trawmltting all typ« of Imagery 

and graphic, at the minimum acceptable quality level to OMUT. the 

matt timely dissemination of the product. 

■i     \ 
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Figur« 2.1.    Imog« Quality and Terminal Operating Ranges for Scan Demlty 

•     Shades of Grey: A Factor Expressed In Bits Per Pixel - The upper limit 

for the number of grey shades discerned and reproduced by the equip- 

ment Is specified at 6 bits/pixel or 64 shades per pixel In all areas of 

the Image that are not degraded by data reduction schemes.   For docu- 

ment transmission only two shades of grey are considered. 

e     Data Compression/Reductlon:   The baseline approach uses the Redun- 

dant Area Coding (REARC) scheme which has produced data reductions 

on the order of 20:1 and greater on the Experimental Image Compres- 

sion System (EICS).   The REARC concept Is explained in Paragraph 

3.3. 
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• 

Input/Qufpuf Focton: Each ferminol will be capable of recording 

and scanning opaque or fransparenf material and be able to record 

positive or negative images. The maximum image format size is 9 

inches by 13 inches. Terminals "B" and "C" shall have the capa- 

bility to scan selective portions within this format. 

Recording Media; Both silver halide film and dry silver paper and 

film should be considered as options. 

Automatic Operation:   Automated operation of the terminal should be 

considered to the maximum practicable extent without compromising 

reliability or producing inordinately complex or co«tly implementation. 

Digital Interface and Temporary Storage: A factor which permits 

digital input to the system processor and bulk storage of digitized 

imagery for a store «id forward mode of operation. 

Security; A factor which assures that the terminal is compatible with 

existing communications security (COMSEC) equipment and meets all 

applicable TEMPEST requirements. 

Militarization:   A factor to which consideration shall be given for 

ruggedization of the equipment.   Most terminals are assumed to be 

installed in office type environments.   Field deployable terminals may 

be used in tactical shelters and other transportable military containers. 

The cost impact of full military specification ruggedization it to be 

determined. 

IntercompotibiIity :   A factor which requires that each terminal type be 

able to communicate with any other terminal.   Scale and format 

changes should be considered. 

Modularity:   A factor which requires that the terminals be configured 

for easy upgrading to higher capability by adding either improved or 

additional modules. 
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•     Comwunicotiom Interfoce:  A factor requiring eoiy interface to a 

variety of communication links including wire line, microwave, tropo- 

spheric scatter and/or satellite communications. 

e     Data Rate:  A factor which applies to the communication network and 

the internal tenninal data rate.   The terminal's,  scanning,  digitizing, 

and recording rate should not be the limiting factor affecting trans- 

missior time for data rates up to 32 kb/s, including data compression. 

The "B" teimlnal will be configured to supply data at 1.5 mb/s but, 

in this case only, without data compression. 

e Broadcdt Mode: A factor which requires certain terminals to simulta- 

neously transmit to more than one terminal. 

e Maintenance: Temtinals are to be configured for easy maintainability 

by Held service personnel. 

e Data Processing; Several data processing techniques will be exomined 

and, if appropriate, the hardware will be selected from a list of stan- 

dard DOD processors. 

Although the factors listed above are adequate to perform a top level evalu- 

ation of the tenninal performance, a detailed in-depth evaluation required information 

on communication loading and tlme-crHical demands which were not available during 

the course of the study effort.   Consequently, the conclusions reached and the resulting 

recommendations ore based on certain assumptions, most of which are taken as worst- 

case situations.   The effect of these assumptions may be to place more severe constraints 

on the hardware than is actually required.   For example, it has been assumed that the 

average data rate which must be sustained by all terminals is equivalent to operating 

over a 32 kb/s link with data compression factors up to 20X.   This produces an average 

data rate of 640 kb/s with instantaneous rates several times higher, thereby placing 

greater demands on the processing and recording equipment than may be actually 

required.   The price for greater capability is usually higher cost.   Detailed examination 

of all system aspects will be required to determine if the conclusions reached in this 

study are consistent with anticipated tenninal usage. 
8 
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2.2 Terminal Interacfion 

The image ferminals which are evaluated In this report are configured on 

the basis of certain assumptions regarding the method which may be used to initiate, 

maintain, and modify transmission of the image.   The temunal is assumed to be connoted 

to a fixed rat. communication link; the bit rote over the link being determined by a 

local oscillator located at the transmission site.   A block diagram of the general termi- 

nal components i, shown in Figure 2.2.   The general steps for transmitting one scan line 

of data to a recorder are identified below. 

RECORDER 
AND/OR 

SCANNER 

I/O 
DEVICE 

CONTROL 
PROCESSOR 

I/O 
CONTROL 

DIGITAL 
STORAGE 

I 
I I 

I 

II 
COMSEC 

EQUIPMENT MODEM 

^TERMINAL^ rmm^ |   jCOMMUNICATION LINK 

Figure 2.2.    General Block Diagram of Terminal 
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• The teimmol dato processor commands the scanner to scan a line, 

encodes the data in an output buffer from which data is clocked at 

link bit rate to the COMSEC equipment. 

• The COMSEC equipment encrypts the encoded data and passes the 

encrypted data to the modem if the transmission is to be made over an 

analog link. 

e      The modem converts the digital data into a form which is suitable for 

transmission over the analog link.   For a digital link, the encrypted 

data is connected directly to the link. 

e     The encrypted data is transmitted over the link and reconverted to its 

original encrypted digital form, if required, at the receiver. 

• The digital data is transmitted through the COMSEC equipment which 

converts it to the form of the original encoded data. 

e     The data is decoded and placed Into an output buffer one line at a 

time by the data processor in the receiving terminal. 

• The image recorder is commanded to step one line when the output 

buffer is full. 

• The output buffer is emptied by transferring its contents to the iirage 

recorder which exposes one line of imagery. 

Transmission is started by synchronizing the COMSEC equipment.   When the 

transmitter is manually commanded to transmit, four setup words, such as shown in Figura 

2.3, are transmitted at 512 bit intervals.   The receiver detects the sync cade and compares 

adjacent words until two are found that are identical.   This multiple setup word trans- 

mission is used to reduce the probability of either missing the start of picture or obtaining 

the wrong setup data when burst errors ore encountered.   The setup information includes 

the scon density at which the data is to be transmitted, areas of the picture which are to 

be step coded, the number of bits into which the density function is quantized, and a 

flag bit identifying that the coding has been bypassed for this transmission.  The data 

10 
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processor In the receiver oses this informotion to select which recorder type (if more 

than one option Is available) is to be used and to select the line and pixel deletion or 

repetition ratio.   The receiving tenninal would normally produce images with the same 

scale factor as on the original.   The receiving terminal alters the recording resolution 

to maintain the some scale factor; manual intervention is required to effect a scale chong«. 

SYNC 
32 bits 

Transmitter 
2 bits 

Redundant 
area select 

117 bits 
Quantized 

1 bit 
REARCS Coding Bypassed 

1 bit 

Transmitter Setup Data Frame 

e     Transmitted 4 times at intervals of 512 bits 

e     Two adjacent frames must be received which compare at receiver 

for acceptance 

Elements are: 

Sync a fixed Barker word sync to allow 

detection of start of message by receiver. 

Trowmltter Identifies transmitting terminal scon density. 

Redundant Area Identifies in unitary code by 1-Inch square aieas 

Select the redundant area. 

Quantized Identifies the level of quantization of the 

transmitted data. 

Coding Bypass    Identifies the following message as being 

REARCS coded or not. 

Figure 2.3.    Image Transmission Setup 

On completion of trewmlsilon of the last setup word, the trawmltter sends 

three consecutive 304)lt sync words which identify tht start of date. The 30-blt sync 

word fs transmitted once mora with no Intervening Interval to Identify start of the fli»t 

11 

■ uv tmmn '^yy^yt^yr-r-g^r w *^|,ff"M"'*,V'"? 

LT.V* 



/.■■..'. 

dato block.   If the dato of this first line contains both step and Huffman coded data, 

the 3<H)it sync word is inverted and repeated once again.   The data is broken every 

256 samples for the insertion of 11-bit step coding parity check word or a 13-bit parity 

word for Huffman coding.   End of line code is not provided.   For the situation where the 

scanner or data processor cannot provide data at a rate which is fast enough to fill the 

link, fill bits are inserted until the next line is ready.   Each line has the 3Ü"bit sync 

pattern repeated once for lines which contain single codes or twice, with inversion of 

the second repetition, for lines which have mixed codes.   The first line of each 1-inch 

block of copy is preceded by two consecutive transmissiom of the complement of the 

30-bit sync pattern.   The end of picture is signalled by a repetition of three consecutive 

30-bit sync patterns.   After a delay of 512 bits, the end of picture message is repeated. 

The receiver accepts the decrypted data and identifies the stort-of-picture 

code.   The data which follows is decoded and checked for parity error.   Upon completion 

of the decoding operation, the line of data is transferred from the output buffer to the 

recorder.   At the same time, a second buffer is being filled as the data from the new line 

is decoded.   When the first buffer is empty, the recorder is commanded to step to the next 

line and is then ready to record data from the second buffer.   Pixel deletion, repetition 

and line deletion is handled by the data processor before data is stored in the output 

buffer.   Line repetition is implemented by reading the buffer several times before switch- 

ing to the next buffer. 

Manual inputs are required to define scan resolution, tolerance for step 

code, bypass condition, redundant areas and quantization.   Scale change is achieved 

by manual intervention of both transmitter and receiver operating personnel.  Manual 

override at the receiver may be used to cause the recorder to produce an image with a 

two, four or eight times expansion of scale as indicated below: 

Source Terminal Receiving Terminal Scale Change 

"B" Any 1,2,4,8 

"C" Any 1,2,4 

"D" Any 1,2 

12 
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Thus, the "B" terminal may obfain an 8X magnification of a subelement of fhe frame by 

transmifting at say 1600 and recording at say 200 I pi. 

2.3 Throughput Considerations 

The number of bits required to represent a scanned and digitized picture, 

with no coding overhead or data reduction. Is given by: 

N   =   HWQSHSW 

where N is the total number of bits 

H is the image height 

W is the image width 

Q is the quantization level 

SH is scan density in the image height direction 

Sw is the pixel density in the image width direction 

For this discussion, SH and Sw art assumed to be equal and will be referred to as S. 

Consequently, the expression for bit capacity is 

N  =  H W Q S2 

The number of images which can be transmitted per unit time is referred 

to as the system throughput.   Expressed in tenns of images per hour, the throughput is given by: 

3600 1   _      3600 L 
T T  = 

N 
H WQ S' 

where L is link bit rate in bits per second. 

2 
The S   factor nonlinearly limits throughput.   Doubling the sample density 

doubles the resolution of the reconstructed picture, but reduces the number of pictures 

which may be transmitted per unit time by a factor of four. 

13 
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The throughput rote (In pictures per hour) for various link bit rates, 

quantizations, and image sizes are shown In Figure 2.4.   Note that only 0.45 - 9 Inches 

x 9 inches Images per hour can be transmitted over a 9.6 kb/s link when sampled at 400 

lines and samples per inch and quantized to 6 bits.  A minimum of 2 hours and 

DESIRED 
MINIMUM 
THROUGHPUT 
RANGE 

IK    2K 6K    10K    20K      50K 100K WSR    BOOK   IM 

LINK BIT RATE (BITS/SEC) 

/ 

Figure 2.4.    Imoge Throughput Venus Link Bit Rate 
For Link Limited Operation (No Overhead) 

13 minutes would be required  to transmit a single  Image.    Using 
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only Huffmon DPCM coding on *J, imoge Increose, fhe overoge throughput to 1.1 

imog« per hour while a typical (10:1 comproulon) application of REARCS Incr^, It 

further to 4.5 images per hour. 

\f «hould be remembered that the amount of data compression which can be 

achieved with any type of compression technique is not a constant but depends on many 

factors.   The actual amount of data compression is a function of: 

e Image size 

e the size of the redundant area 

• the quantization levels in the redundant and nonredundant areas 

e the line and pixel deletion ratio in the redundant area 

• the tolerance assignments in the step-coded region 

e      spatial and temporal scanning spot intensity distribution 

e     the density distribution in the image 

The effect of these factors is to cause the amount of data reduction to 

appear as a random variable.   The amount of data reduction using a REARCS approach 

varies from 0.55 to 282 with a mean value of 10 to 12 for met gcey shade Imagery.   The 

«nount of data reduction using only a Huffman encoded DPCM opp^ach varies from 

0.46 to 6 with a mean value of about 3.   These estimates do not, however. Include the 

normal system overhead bits but ref^r only to data associated with the Image.   Figure 

2.5 shows the range over which image throughput may be affected by different step-codlng 

ruction ratios.   The image is assumed to be a 9 inch „ 13 inch image scanned at 

400 Ipl and quantized to 6 bits per sample. 
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NOTES: 

9" x 9"   IMAGE 
400 LPI SCAN DENSITY 
400 SAMPLES/INCH SAMPLING DENSITY 
8-8IT QUANTIZATION 

5K    10K   20K       SOK 100K 200K    BOOK IM 
LINK BIT RATE (BITS/SEC) 

Flgwr» 2.5.    Throughput Venus Link Rate As A 
Function of Step-Coding Reduction 
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SECTION 3.0 

TECHNICAL EVALUATION 
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3.0 TECHNICAL EVALUATION 

l„ ,h„ «Cion, .h. ..chnicl ^i >. «• ••»'-"•-' !n •""» of CU•r•;, ,;nd 

LL. ...K.r P— In f...d -vic. o, which could b. wll dovolop«. ond r. lobl. by 

,K. EYSO Hn- f«— Th. fron» of -.for«.« fo, .volition U co^l-d of .h. ,„.... 

doflnltion. ond oBumpllom H.n»«lrli6d In Porog-oph 2.1 obovc. 

Th. p-ln-or, .mpho.1. in .hl. «C.Ion i. -h. .voluotlon of r.chnoloay ond ..chnl- 

„1 opp-ooch., «hlch will ™.. fh. 1.09. .connln,, .ron.ml»lon ond wording rogolr.- 

„„„ fo, .h. Th«.,. DI.«n.lno.Ion Sy..«-.   Sp.clflc,lly. »v..ol Inug. »cording/ 

.conning ,.chnl^. ond «»clo,«. Inpu./oo.po. ™d.o o,. oddf««d in ...n, of ..Ir 

opplicobim, ond co.Mff.c.l«n«..   Th. .ol. of .h. do.o proc.„.ng function I. dl.cu«d 

along wl ff.c. of p«c.„ing ^.d on .h. «Lc.lon of .poclfic lmpl.«n«.^ 

opp^och...   AUhough .h. pclmory dl.cu..lon focu«. on .h. I^g. producing ^rdwor., 

i, I. ol« of «. « .«lu*. .h. ..rndnol ..chnology in ..rm. of k.y op.r*ilI.y ond f«,c- 

„onoi p«— *.* « ln..r»«p.tibm.y ond n-dul-lfy.   Th. .voluoHon of ..chnlcol 

f..^ I«.. « . g^ml H.. of «p-l.v.1 ..r-inol H-clflCion. which or. dlKU«d In 

Section 4.0. 

3.1 jmagt Recording ond Sconnlng 

Thi, action review, «me of the bo.ic concept, «.ocioted with image trom- 

m,..ion ond exomine. the factor, which limit the full exp oitotion of current image pro- 

ducing technology.   A co^lete examination of component technology o.,oc.ated with 

i^g. recording and ,canning i. beyond the ,cope of thi, ,tudy.   Rather, the examination 

1. confined to technology or device, which in ,ome way re,trict, or bound, the perfor- 

mance of variou, recording and ,canning equipment de,ign,. 

18 

:. y-**, i ^MpMMMl 

giiWiffiff» ijtßmmf*^^^""' 

1 
••MMllMMHifl^ 

'^^JS^.^l 



1 

,-«, 

^- ' • '       Image Quoli^ Factors 

Many factors must be considered for a thorough evaluation of image quality and 

a total discussion of this topic is clearly beyond the scope of this study. It is instructive, 

however, to examine a few of the key image quality factors and terms and to relate these 

to the somewhat arbitrary ima3e quality ranges defined in Paragraph 2.1. The foor major 

characteristics of grey scale photographic imagery which enter into a description of 

image quality are:     1) average density, 2) geometric fidelity, 3) resolution, and 

The first two factors are easily quantified in objective terms and will not be 

discussed In detail here.   Average density refers to the average brightness of the image 

and is controlled by adjusting the overall exposure level and by selecting proper record- 

ing media which will support the average and extreme values of exposure.   It has been 

shown that the eye has a limited range of average density which it perceives as an 

appealing scene.   Geometric fidelity refers to the absolute and relative location of any 

point in the image.   An image with high geometric fidelity corresponds very closely with 

the geometry of the original object.   For scanning systems, high scan density usually 

correlates with high geomefric fidelity.   The recording and scanning factors which 

primarily determine the degree of geometric fidelity are scale factor and fwo- 

dimensional scanning linearity. 

Resolution and contrast are considered together because they are interdepen- 

dent; i.e., visual resolution Is dependent upon the contrast.   This relationship Is 

expressed in terms of the Modulation (contrast) Transfer Function (MTF) which Is defined 

as the contrast in the image produced by a sinusoidal intensity distribution In the object 

Plane.  This number  Is a  function of the spatial   frequency.   I.e..   the number of 

cycles per unit   length of the sinusoidal  object.    Figure 3.1  shows a 

graphical  representation of  the  Input object  target and the  image.    The 

graphical  representation of a  typical  MTF curve  Is shown  In Figure 3.1   (c). 

It should be noted that MTF is only strictly defined for sinusoidal objects and 

linear systems.   Frequently this restriction is violated which then requires careful 
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M/L. ~-m 
(at 0«JICT „., .„,„, M IMAGE 

SPATIAL FREQUENCY I» - l/T «CYCLES PER UNIT DISTANCE) 

'MAX (VI '   'MIN (IM 
MTF tv)' 

'MAXtV» 4-  (MIN (») 

100< • 

«MOO 

•^-V 
^\ 

(c) MTPOIAORAM M) MTF CURVES 

Ffgoro 3.1.    Imog* Spotlql Fraquonc^ and MTF 

{nt«rpr«tatIon of "MTF" rotpon».   DupU. »hit limitation, rh« conc.pt of MTF can b. 

qo«»« owfol.   Tho ilntMoidol limitation I« roally not a limitation at all, sine« any objoet 

can bt roprMontad at a liiMor combination of ilnuioidal tignali by Fouriar composition. 

Much additional Information can bo gainod If the curvo it oxaminod In its ontlroty. 

Comldor, for oxamplo, tho two curvot plotted In Figure 3.1 (d).  Although curve A 

represents a system with higher resolution than system B, the Image from system B would 

appear "sharper" and, therefore, better to most observers.   This Is because the eye 

responds primarily to spatial frequencies in the lower range where the MTF Is greater in 

system B. 
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In scanning systems where the recording material is usually nonlinear, a system 

MTF is not rigorously defined; however, it is possible to specify the resulting modulation 

on the output as a function of spatial frequency, even though this number is not linearly 

related to the input function.   Consequently, general classification ranges such as the 

readability criteria    led in this study may be useful guides which can be used to correlate 

with measured performance values. 

| There is usually some confusion about the relationship between MTF, line scan 

density, spot size, etc.   This can be made clear by understanding how scan line density 
I and spot size affect the MTF curve.   In general, the MTF of a scanning system is depen- 
l 

dent upon the scan direction:    the along-scan and across-scan MTF are, in general, only 
| 

loosely coupled. For the along-scan direction, spot size and modulation bandwidth are 

the major factors which affect MTF.   It can be shown that the MTF in this direction is 
I 

given by the Fourier transform of the spot Intensity distribution multiplied by the modu- 

lation bandwidth (spatial frequency bandwidth) of the spot.   For a given scanning system, 

this MTF curve can be calculated exactly.   In the specific case of a Gaussian spot inten- 

sity profile, the Fourier transform of the spot is also Gaussian and this, multiplied by the 

modulation bandwidth, is the system MTF.   The along-scan MTF is therefore given by: 

MTFA/S  =  B(f)exp|-(»ri;do/5>/^103)|2 

B(Vü) exp I-u2do
2/l.23 (10"6)| 

where 

i'       spatial frequency in cycles/mm 

d spot diameter in micrometers o       ^^ 

B(f)       system electrical response in Hz 

V   -   scanning spot velocity in mm/s 

f       electrical frequency in Hz 

In the cross scan direction the situation is more complex.   The complexity 

arises from the fact that the "resolution" depends upon the relative alignment of the 
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object with respect to the scanned line.   In Figure 3.2 (a) we show a square-wave object 

signal which is oriented as shown and is to be scanned with a spot which we assume has a 

V^   CROSS-TRACK DIRECTION 

ALONG-SCAN DIRECTION 

OBJECT 

■ i i i i 
CASE 

CASED 

'<m^ .^ 
i < « r 

TARGET SCANNING 

AVERAGE 
VALUE 

DC 
AVERAGE 
VALUE 

OUTPUT (EXPOSURE) EFFECTS 
(•) 

1 

INFUT    1/2 

0 

1 

CASE I   1/2 

0 
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1/2 

0 
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CASE in m 

0 

feM: 
A A A 

INPUT SIGNAL 

OUTPUT FOR LOW 
EXPOSURE VALUE 

OUTPUT FOR HIGH 
EXPOSURE LEVEL 

^\^ 
- COMPROMISE 
EXPOSURE LEVEL 

lb) 

Figure 3.2.    Image Scanning Input/Output Responses 

Gaussian intensity profile in the crou-track direction.   In Case I, the scan lines exactly 

coincide with the square-wave object period, thus, resulting fn a strong crow modulation 

signal.   In Cose II, the same situation occurs except that the location of the scanning 

center line is shifted by one-quarter of the object period.   Each spot intercepts the tame 
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average area of the square-wave object resulting in no net modulation in the cross-track 

direction.   In between these two extremes are a continuous range of solutions, all of 

which might be contained In any one image transmission.   It is this dependence of the 

resolution on phase of the scan structure that causes the familiar banding or moire effect 

common to line scan imaging systems. 

There Is, however, a commonly used technique which eliminates this effect at 

the expense of resolution.   In the previous example, one should recognize that the max- 

imum resolution (In cycles/mm) is equal to one-half the scan density (in lines/mm).   If 

as in Case I of Figure 3.2 (a) the spot size is increased so that the modulation 1$ zero, 

then the modulation will always be zero at that frequency, thus, eliminating the problem. 

Of course, there is some residual effect for lower spatial frequencies, but once the scan 

line density is about four times the spatial frequency of Interest, the phase dependence 

has been averaged out.   The penalty for this is reduced resolution.   The ratio of the 

actual r»sol.;älon to the maximum resolution (1/2 scan line density) Is historically known 

as the Kell factor.   For Gaussian spot intensities the optimum Kell factor ha» been cal- 

culated to be l/v/iTor 0.707.   In practice the value ranges from about 0.65 to 0.75. 

The cross-scan MTF for Gaussian profile scanning systems Is similar In form fo 

the expression previously given for along-scan MTF.   It Is given by: 

MTFC/S   =exp|-U>pK/2^"(103)J2( 

b exp|-(üpK)2/1.23(10"6)j 

where 

p   :   scan line density in mm and 

K   -   Kell factor 

and Is valid only for Kell factors which are less than 0.75.   One should note that larger 

spots also reduce the MTF In the along-scan direction.   In some cases the spot Is pur- 

posely elongated to form an elliptical scanning spar but this generally leads to perfor- 

mance In which horizontal and vertical resolutions are unequal. 
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Up to this point, only linear systems have been considered, however, most 

recording materials exhibit nonlinear behavior.   While rigorous analyses of these effects 

are possible, it is perhaps more instructive to look at what happens to a linear MTF when 

it undergoes a nonlinear transformation.   Film nonlinearities cannot increase the system 

MTF:   at best they leave it unchanged.   This can be illustrated by considering what 

happens to the modulation it different exposure levels as depicted in Figure 3.2 (b).   For 

low exposure (Case I), the exposure of the peak regions have been sacrificed to obtain 

better definition in the low signal area.   For a high exposure level (Case II) the opposite 

effect occurs.   In between these two examples is an exposure which is a compromise such 

as shown in Case III.   In many cases a means for purposely distorting or linearizing expo- 

sure values Is implemented to produce image enhancement. 

Producing uniform grey fields may cause a different set of problems.   As 

previously explained, the Kell factor tends to smooth scan structure in the output Image 

which, assuming no other errors, would tend to produce a uniform grey field for unmodu- 

lated input signals.   For imaging from a digital source one has another potential source of 

error called quantization noise.   If the recording matetiai has a useful dynamic range of 

30 grey shades and 5 bit (32 steps) encoding is chosen, a nearly uniform grey area may 

show structure due to the uncertainty in the least significant bit.   This effect, called 

false contouring, is common to all digital systems, but it is particularly distracting in 

imagery work because of the human eye's ability to discriminate between two adjacent 

areas of slightly different density.   False contouring Is minimized by using the maximum 

grey shade capability of the system - in this study we assume that 6-bit quantization is 

used, thereby minimizing the effects. 

We have up to now been concerned primarily with the equipment used to 

produce the image. In addition to many of the controlled nonlinear equipment effects, 

the recording and scanned media also produces nonlinear effects. Careful attention must 

be placed an the effects of dynamic range, substrate type« image tone and granularity. 

The dynamic range is the maximum to minimum range of densities that can be supported 

by the material. For most imagery work, the greater the dynamic range, the better. 

Substrate type is important in high quality imagery applications because it is not 
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uncommon for the substrate (film base or paper) to be of poorer surface quality than the 

actual photosensitive emulsion.   This is particularly true for paper base materials where 

the fiber structure of the paper degrades the imagery.   Image tone refers to the subjec- 

tive "color" of the black areas on the material.   Some are indeed black, while others 

may be brown or dark blue.   The subjective image quality depends somewhat on this tone, 

with black being generally preferred.    The last parameter, granularity, refers to the 

actual grain structure of photographic emulsions.   Similar in effect to paper fiber struc- 

ture, these grains may degrade the image but this is usually apparent only under high 

magnification. 

In summary, many factors must be considered when analyzing and predicting 

performance of image transmission equipment.   The MTF concept is the most commonly 

used measure of system "resolution" but for detailed evaluation, the effects of nonlinear 

factors must be assessed.   Concepts such as we have discussed in this section must be used 

to accurately define and specify equipment and materials in detailed design exercises. 

To avoid a complicated specification of image quality, it is common to group classes of 

imagery into categories which bear some general relationship to the degree of image legi- 

bility or "readability."   In Paragraph 2.1 we defined four readability groups which will 

be used only to aid us in our analyses of various terminal configurations. 

3.1.2 Speed Considerations 

The evaluation of image recording and scanning techniques requires an 

understanding of the speed limitations which are imposed by the selection of specific 

devices or subassemblies.   The specification which determines the instantaneous operating 

speed of the recorder/scanner is that the terminal scanning, digitizing and recording rate 

not be limited by equipment considerations when operating over a 32 kb/s link with data 

reduction.   It is also desirable to configure the terminal such that PI quality information 

can be transmitted over 1.5 Mb/s links without data compression. 

The primary factor which limits the operating speed of most Image recorder/ 

scanners is mechanical inertia.   This is particularly true for asynchronous recorder/ 

scanners which operate by on-demand signaling for data recording and line advance.   In 
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the most general case, such equipments operate with a triggered asynchronous line 

sweeping mechanism, e.g., CRT sweep or galvanometer, and an asynchronous line 

advance mechanism such as a stepped film transport.   Obviously, a variety of methods 

could be used to overcome these limitations but they generally involve either more data 

buffering capacity or more costly and complex mechanisms to compensate for the mecha- 

nism shortcomings. 

The operating speed of recording and scanning technology cannot be 

evaluated without also considering the scanning density of the image to be transmitted. 

Figure 3.3 displays operating speed on the ordinate axis in terms of scan lines per second 

10K 

6000 — 

2000 

FIGURE NOTES: 

IMAGE SIZE-«"X 9" 
QUANTIZATION - 0 BITS/SAMPLE 
DUTY CYCLE - NK 

CURVE A - 32 fcB/SEC (20:1 COMPRESSION) 
CURVE • - IS MB/SEC (NO COMPRESSION) 
CURVE C - If MB/SEC (B.S:t COMPRESSION) 
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< 
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l     ,00- 

too 200 M0     1000     2000        8000      10K 

SCAN DENSITY (LINES PER INCH) 
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1/ 

Figure 3.3.    Recorder/Scanner Scan Rate Versus Sean Density 

and scan density on the abscissa In pixels per inch.  A "standard frame" measuring 9 

Inches by 9 inches and containing 64 grey shades per pixel has been used.   In order 
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to arrive at some value for limitafiom to be placed on the scanning and transport 

mechanisms, a somewhat arbitrary 80 percent duty cycle has been assigned to the 

recording/scanning process.   This factor is included to account for all types of processing 

inefficiencies including scanner flyback time (duty cycle effects), line and frame 

synchronization, and all ofher types of overhead.   The diagonal lines on the graph 

represent the three data rates which we used to evaluate equipment performance limita- 

tions.   The equation used to plot the diagonal lines In Figure 3.3 Is: 

LC 
(0.8)(6)(9) S Ä 0.023  if   ü^ 

5 5 

where 

R is the scan rate in I ines/s 

S is the scan density in lines/inch 

C is the data compression factor and 

L is the data rate in b/s 

Three link parameters are shown on the figure which  is of   interest In this 

study.   The lower line Is the one of primary interest and represents a link operating at a 

data rote of 32 kb/s with an average of 20:1 data compression on the image.   (Note that 

lower data compression values such as 10 or 12 to one would produce a line even lower on 

the graph.)   The middle line represents a data link operating at 1.5 Mb/s without data 

compression.   The top line is the same 1.5 Mb/s wideband link but operating with a 

5.5:1 data compression factor. 

It Is instructive to overlay various image recording/scanning mechanisms on 

this ch-jrt to determine If the technology can support the link requirements.   Specifically, 

we consider the limitations Imposed by film transport mechanisms, galvanometer scanning 

mirrors, drum and carriage recorders and finally the high performance recorders generally 

referred to as "laser beam recorders" (LBR).   The limits chosen for each technology should 

not be considered as absolute values but rather as an attempt to set some practical limits 

on the technology.   In most cases, the limits which were set can be exceeded by either 

more sophisticated design approaches or by adding complexity (and cost) to the data 
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processing function.   Consequently, the boundaries established should be considered 

"soft" rather than "hard" and used as a guideline for pointing toward technology which 

Is most appropriate for the terminal requirements. 

The first technology which Is of Interest Is that associated with the move- 

ment of the recording medium by means of a transport mechanism.   The two primary con- 

siderations are the precision and the step-and-settle time associated with the asynchronous 

advance mechanism.   It Is assumed that a transport of this type would be used with a 

cathode-ray tube, laser-galvanometer or high speed multlfaeeted mirror laser beam 

recorder.      Experience Indicate that 9-inch wide film can be moved reliably and 

repeatably by pulsed stepping motors and appropriate gear mechanisms at rates between 

100 and 200 lines per second or between 5 and 10 milliseconds for stepping and settling. 

The precision with which film can be stepped, assuming the use of a capstan prime mover 

and recording on the capstan. Is compatible with a scan density of about 2000 lines per 

Inch.   This implies a placement accuracy which is some fraction of the 0.5 mil line separa- 

tion distance.    Figure 3.4 shows the two limits imposed by stepped node film transport 

technology.   As discussed In Paragraph 3.1.3, scan densities between 400 and 2000 lines 

per Inch for the three terminal configurations are of primary concern.   Between these 

bounds, current film transport technology will support the primary link requirements of 

32 kb/s with 20:1 data compretilon and 1.5 Mb/s without data compression.   At higher 

system data rates (such as the upper curve of Figure 3.4), the film transport technology Is 

able to support the link rate only at scan densities of between 1000 and 2000 lines/Inch. 

But even In this region, the technology Is being pushed to near practical limits.   To avoid 

operation near the edge of this technology requires a detailed trade-off analysis of the 

cost of extra buffering, synchronous film motion or alternative optical scanning techniques 

which Is beyond both the requirements and scope of this study. 

Figure 3.5 «hows the limitations of current recording and scanning tech- 

nology which uses a laser as the light source In conjunction with a scanning mirror driven 

by a moving coll galvanometer.   This technology has been recently developed for 

military applications In the Tactical Digital Facsimile (TDF) and for commercial applica- 

tion« such as the Harris Laserfax and Associated Press Laserphoto equipment.   This 
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cro», direction, minor cross track corrections could be mode using standard acousto- 

opflcol beam deflectors.   Obviously, such an approach adds complexity and cost to a 

ba5!cally low cost device but it should be considered for future laser-galvanometer 

investigation and extends operation Into the HR region.   At 400 lines per inch, the 

scanning speed required is well within the physical limitation of the galvanometer so that 

J 32 kb/s link can be filled at 20:1 compression. 

The cathode-ray tube has been used as a standard image recording device 

far many years and will continue to provide adequate performance In limited area, for the 

fareseeable future.   However, It appears that during the next 5 years, CRT technology 

w.ll g,ve way to laser scanning techniques.   In terms of resolution, the CRT Is Ifmlfd to 

the medium and high readability groups.   Although scan density on the CRT faceplate can 

be mcreased by image demagnifications, this method Is generally limftod by the finite 

Hme-bcdwidth product of the CRT.   Although new phosphor deposition technique, may 

-prove CRT image quality, only marginal gains may be anticipated.   Experience with 

several CRT image recorders indicates an upper limit for reliable trouble-free operation 

of somewhat in excess of 5000 pixels across the tube face which, for a 9 inch image 

corresponds to about 600 pixels per inch.   This places the CRT resolution linvt at the' low 

end of the high readability group.   The speed limitation for CRT recorders is a ,omewhat 

complicated function which is dependent upon the recording medium, the brightne« of the 

CRT trace and the optical speed of the imaging optics.   The actual sweep speed of the 

CRT trace, typically measured in microseconds per line, for exceeds the inherent .canning 

limitation, of a lau.r-galvanometer approach for identical scan density.   Figur. 3.5 .how, 

the limitation for CRT performance. 

A drum recorder/scanner approach is significantly different from the tech- 

nology discussed previously.   In place of moving film, a fixed recording frame attached 

fo a rotating drum is exposed by physically moving a light source carriage along the 

length of the drum.   Although a drum recorder/scanner generally offer, some definite 

cost/performance advantages, it may -equire a compromise in operational flexibility 

Some methods for overcoming these constraints are indicated in Paragraph 3.2.3.   Figure 

3.6 shows the speed and resolution limitation for standard drum recorder/scanner 
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the drum surface.   Although meant are available for circumventing these problems, an 

upper limit for drum rotation rate at6,000 r/min for a 9 inch circumference will be set, 

which corresponds to 100 scan lines per second.   Step and settle times associated with the 

carriage ore put at between 5 and 10 milliseconds which results in a total scan rate limi- 

tation of typically 50 scan lines per second.   These values are plotted in Figure 3.6 and 

show that both the 32 kb/s and 1.5 Mb/s links can be filled using drum recorder techno- 

logy.   The most severe speed constraint would occur for a medium readability drum 

recorder/scanner operating at 400 scan lines per inch.   A lower rotation and stepping 

rate is required for PI quality (2000 icon lines per inch) operating over a 1.5 Mb/s link 

without compression than is required for MR imagery. 

The high performance recording devices commonly referred to as laser beam 

recorders generally consist of a laser, high-speed multi-faceted mirror spinner beam 

deflector, focussing optics and a means for moving the recording medium.   Two different 

approaches are commonly used to implement the laser beam recorder:  one which uses a 

complex lens to produce 20,000 or more w*!S iesolved spots on a flat field platen (capstan), 

and another which uses less complex optical componentry and records on a curved 

platen.   Resolution of these recorders is determined by optical and mechanical compo'- 

nents which can be readily configured to achieve 2000 scan line/inch PI quality and 

greater.   The speed of the multifaceted mirror spinner is determined by the precision of 

the assembly.   Speeds of 10,000 scan lines per second have been achieved in both ground 

and airborne recorders.   The speed limitation of these recorders, assuming asynchronous 

operation, is determined by the film transport mechanism. 

The speed and resolution limitations of the laser beam recorder are plotted 

In Figure 3.6.   This technology, which is expensive, clearly meets all of the link 

requirements including the desire to support a 1.5 Mb/s link with 5.5:1 data reduction. 

Loser beam recording technology is the most suitable technology only for applications 

which require both high performance and high speed and where cost consideration are 

less important than quality and Image throughput. 

/ 
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3.1.3 Scon DentUy S»UcMor 

In this sactfon we •xomtne several wa/i in which the scon density (fines per 

inch) may be selected to meet the terminal readability and compatibility requirements. 

The scan density ranges for readability groups and terminal configurations are: 

Low Readability 

Medium Readability 

High Readability 

Photo Interpretable 

"B" Terminal 

"C Terminal 

"D" Terminal 

Ussthan 220 scan lines per inch 

220 to 430 scan lines per inch 

430 to 1400 scan lines per inch 

More than 1400 scan liner, per inch 

2000 scon lines per inch and lower 

800-1000 scan lines per inch and lower 

300-500 scan lines per Inch and lower 

In addition, an unstated requirement exists to be compatible with TDF 

equipment which operates at scanning densities of 100, 150, and 200 lines per Inch; 

thereby satisfying the requirement for handling low readability imagery. 

The criteria used for selection of appropriate scan densities ore highlighted 

below: 

e     Operate at a scan density of at least 2000 lines per inch when record- 

ing or scanning Pi quality imagery. 

e      Select scan densities for the terminal equipment which are related by 

factors of two.   This approach facilitates compatibility between ter- 

minals.   By selecting the scan densities as integral multiples of the 

next lowest scan density, the functions required of the da»o processing 

module for magnification or demagntfication are simplified.  An image 

scanned at a low scan density can be reproduced on a higher scan 

density reproducer by repeating each sample the correct number of 

times and repeating the resulting line the same numberof times.   This 

maintains a unity scale factor between the original and the reproduction. 
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•      Minimize the number of different scon densities required to meet the 

terminal readability requirements.   A single scan density for each 

readability range will  be considered  to be adequate. 

Figure 3.7 shows the scon density selections for two of the most likely 

options.   The first option Is derived by using the highest scan density requirement 

orriONi 
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Figure 3.7.    Scan Density Selection Options 

(2000 Ipi) and successively decreasing the value by two, thereby producing scan densities 

of 1000, 500, and 250 Ipi.   (Note that 1000 and 500 Ipi fall within bounds set for the 

"C" and "D" terminal, respectively.)   Incompatibility arises at the lower end of the 

readability spectrum because this selection is not consistent with any of the TDF scan 

densities. 
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Th« Mcond option begins by selecting the highett TDF scon density 

(200 Ipi) and successively increasing this by a factor of two; thereby producing 400, 800, 

and 1600 Ipi scan densities which fall within the bounds set by the "D," "C," and "6" 

terminals, respectively.   To these scan densities we must add the capability to effect 

transmission at 2000 Ipi.   The effect is to make reception of 2000 Ipt imagery with unity 

scale factor on equipment which operates at a basic scan density of either 800 or 1600 Ipi 

a difficult task which places unrealistically severe requirements on the data processing 

equipment.   It is believed that the requirement for operating at 2000 Ipi should be con- 

strained to situations where communication is between "B" terminals only.   When PI 

quality imagery is to be transmitted to either C or D terminals. It can be scanned at 

1600 Ipi over the 32 kb/s link.  We believe the option which operates at 200, 400, 800, 

1600 and 2000 Ipi Is the best choice and meets all current readability requirements. 

'■' ■ 

,■— 
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3.1.4 Recording Media Considerations 

The fwo candidate recording material« which are currently being used for 

image recording and will continue to be used in the FY 1980 time frame include con- 

ventional wet processed silver halide film and 3M dry silver film and paper.   Wet and 

dry processed recording materials are commercially available in a wide variety of 

characteristics to meet the requirements of many applications.   The leading domestic 

manufacturer of wet processed recording material, Eastman Kodak, supplies silver halide 

material on both a transparent film base and an opaque paper base.   The 3M Company, 

the leading rupplier of heat processed recording media, similarly supplies sensitized film 

and paper. 

At the present time, silver halide wet processed transparent film holds an 

unrivaled position in applications where the ultimate in imagery quality is desired.   By 

proper control of the recording and developing processes, exceptionally high resolution, 

uniform response and long tonal range can be achieved.   It is readily available in a 

variety of formulations which cover a broad spectrum of performance characteristics. For 

the terminals under evaluation silver halide film is not the limiting performance factor. 

The price one pays for high quality is the inconvenience of handling and replenishing wet 

chemicals and the cosh for maintaining operational processing equipment. 

Heat processed dry silver film is in the early stages of the development 

cycle.   Of the six commercially available films, two are specifically designed for image 

recording:   type 7859 for P-31 CRT exposure and type 7869 sensitized far peak response 

corresponding to the helium-neon laser wavelength.   Although the resolution ( >100 ~/ 

mm) and maximum density (>3.0D) are adequate to meet same requirements, this material 

does not currently offer the same high degree of Image uniformity, long scale range, and 

archival keepingquality when compared to silver halide film. Dry silver film is currently 

about 25 percent more expensive than the combination of silver halide Rim, wet chemistry 

and chemistry mixing labor costs.   These estimates are based an current GSA schedule 

prices for 200-foot film rolls and do not account for higher silver halide processor main- 

tenance costs, downtime due to chemical spillage and less troublesome operation. One of 
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the most significant r«c«nt developments regarding dry silver film is pro>f»u on develop- 

ing the so-called hard lop coat or HTC films.   The process has the primary advantage that 

the film can now be processed in the same heat processor used to develop the dry silver 

paper.   Care must be token to ensure exact control of the developing temperature to 

produce uniformly processed images.   Experience indicates that platen temperature must 

be controlled to within ±0,5   C to achieve consistent results but that temperature can 

be regulated to achieve results which may be considered compatible with the low end of 

the high readability performance group but not uniform enough to record PI quality 

imagery. 

The situation with recording paper is somewhat different.   In th» past, a 

silver halide based stabilization paper was used in most high quality photographic quality 

recording applications.   This paper produces high quality images but requires c two-stop 

wet chemistry process to produce the image.  We have demonstrated that pictures of 

equivalent quality can be produced at lower cost per image.   This is due to the laser 

techniques used to reproduce the image and in part due to recent dramatic improvements 

in the recording media.   Experience with facsimile equipment which operates at the low 

end of the medium readability group indicates that the standard 7771 paper buse material 

may be limiting the resolution of the product.   Furthermore, a significant improvement in 

readability can be achieved by using a still experimental polyester base material.   This 

base material will be more costly but may provide the difference between useable and 

unuseable medium readability paper products scanned at 400 lines per inch. 

One of the primary limitations of dry silver film and paper is the greater 

susceptibility of these products to environmental condition! - especially excessive 

temperature.   This appears to be a limitation only  under extreme operational conditions 

involving tactical missions.   In this case, the care with which the recording material 

must be stored is far outweighed by the operational convenience of a dry process.   In 

most situations, normal film handling procedures are adequate to preserve image quality. 
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A derailed analysis of various wet and dry recording materials is beyond the 

scope of this study and depends to a large extent on the specific design details of the 

recorder.   We can, however, make some general observations regarding the applicability 

of these materials to specific terminal configurations.   Firstly, experience indicates that 

only silver halide film is currently capable of meeting the general requirements of PI 

quality imagery.   This condition is likely to remain so into the FY 1980 time frame. 

High readability requirements recorded at 800 lines per inch can be satisfied 

by both dry silver film and wet processed film.   At the present time, the grey shade 

reproduction of dry silver film is marginal for this readability group but we expect that 

improvements will be made by the FY 1980 to improve the repeatability of the toncl scale. 

The medium readability requirements of 400 scan lines per inch are currently satisfied by 

dry silver film.   It appears that currently available dry silver paper and even the newer 

polyester base opaque material is only marginally acceptable for medium readability 

imagery.   Even though no paper products are able to support the quality requirements, 

they should be considered as an inexpensive means for obtaining minimally acceptable 

opaque copy. Paper base copy is completely unacceptable for HR and Pi quality applica- 

tions.   Figure 3.8 shows the practical resolution limits for the four types of imaging 

media which may be considered applicable to each readability group. 

Finally, it is instructive to examine the sensitivity of various recording 

media to determine the amount of energy which is required to expose it.   This evaluation 

is aimed at estimating a rough order of magnitude for the required power so it will not be 

rigorous.  A plot of scan rote versus scan density is again a useful one with which to 

compare results.   A useful parameter for recording images is the instantaneous area scan 

rate measured in area per unit time.   When this is multiplied by recording medium sensi- 

tivity and divided by optical efficiency, we arrive at value for laser power, i.e., 

p    .   (IASR) (J) 

1 
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Figur« 3.8.  Application Rang« for Recording Data 

whera P, I» raqulrad la««r pow«r in watts 

2 
IASR it racording rota in in /tec 

2 
J It madia tentltlvity in watt-t«c/in , and 

^ it optical tyttem efficiency. 

If we rettrict our ditcuttlon to a ttandard 9 inch by 9 inch frame, it It pottlble to exprett 

IASR in teimt of tcan rate, R, and tcan dentlty, S, by: 

IASR » 9^S 

where R it fh« tcan rate in linet per tecond and 

S it the scon dentlty in lin«» p«r inch. 

Subttltuting for IASR and solving for R yieldt: 
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Figure 3.9 »hows fhis equotion plofted for vorioüJ values of laser power and 3M Brand 

Ty,* 7869 Dry Silver Film.  We have used a sensitivity valoe of 300 ergs/cm2 or 1.94 

(10    ) watt-^c/in   for Type 7869 which i, the least «nsltlve recording material under 

consideration.   A helium-neon laser ho. been chosen because of its high reliability and 

low-nolse characteristics.  An overall optical efficiency of 5 percent is assumed. 

The primary observation regarding this calculation relates to the application 

of dry silver film in the medium readability recorder which operates at 400 «con lines per 

inch and at about 30 scon lines per second to fill the 32 kb/s link at 20:1 data compass- 

ion.   For these values, a laser power of only about 2 milliwatts is required - a value 

which Is readily obtainable from a number of »noil and reliable commercial laser, and is 

typical of the laser power currently used in commercial facsimile equipment.   The general 

conclusion one reaches is that both recording media and laser power requirement, are well 

within the state of the art for all terminal requirement,. 

In summary, both 3M Brand dry silver product, and conventional wet 

processed films will find application, in the various terminal configuration,.   The 3M 

Brand dry „Ivor film i, recommended for rapid acce,, lo medium readability imagery 

recorded at 400 Ipi.   W. have show«* that only low power lo-rs are required to expo« 

this material.   To preserve the overall resoluHon and image quality of high readability 

ond PI quality imagery, we recommend the UM of conventional wet processed film. 
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po*T h.num.n.on tyP.; (2) a modulator fo chang« th. In».n,i»y of th. light during the 

recording proc«, (..g., on ocousto-optlc modulator); (3) a galvanomafr-mount^ mirror 

used to .wp |«.r beam aero* the recording medium, (4) facuwlng optic, to form- recort- 

Ing .pat and; (5) a mechanic for moving the recording medium pa.t the ^nned line. 

Figure 3.10, a. an example, .how. the components which are u,ed In the hurrl. ESD pro- 

duct line of La.erfax equipment.   Thi. equipment I, capabJe of operating in rhe lower 

MIRROR AND 
GALVANOMfTER 

MIRROR 

LOW POWER 
ME-W6 LASEH \" 

MIRROR 

FEEDBACK PHOTODETECTOR 

BEAM SPLITTER 

DAcousTo-omc 
MODULATOR 

MIRROR 

/ 

APERTURE 

•SCANNER PHOTODETECTOR (OPAQUES) 

RECOROINQ MEDIUM TRANSPORT 

SCANNER PHOTODiTECTOR (TRANSPARENCIES) 

FlQure 3.10.   La.er-Golvanometer Recorder/Scanner Componenls 

quality portion of the medium reodablllt,, group and at .canning .pe^ ,*<„ 50 scan »^ 

P.r «cood. For operation at 400 scon lln« per -cond, the *** „„„> arrange,* U 

u-d but two addttlo« or. mod. H, the „^   „ an „^ ^ whfch ftatfim ^ ^ 
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of the scanning spot and 2) a Unear grating through which a portion ol the beam is 

directed to and subsequently detected to produce accurate timing for accessing the 

data buffer.   The major components required to implement this scheme are shown in 

Figure 3.11. 

SEAM EXPANSION 
OPTICS 

RULING AND 
DETECTOR 

FIELD PLATTENINO 
LENS 

I 

Figure 3.11.   Improved Laser-Galvanometer Implementation 

Similar optical, mechanical and electrical components are required for 

the L/G scanner.   In this cose, an unmodulated laser beam scons either an opaque paper 

copy or transparent film.   For paper scanning, the light reflected from the surface is 

detected by either a single long detector or a series of individual segments connected 

together electrically.   For transparency scanning, the detector is mounted behind the 

platen into which an aperture has been cut.   The light which Is detected has therefore 

been modulated by the film density variations.   Both scanning methods have been 

successfully implemented on the L/G equipment. 
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Although It is possible to configure a transceiver design for the L/G 

equipment, separate tran«nitter ou6 receiver implementation is favored.   This approach 

.. F«rticular|y attractive for the case where only "DRO" terminals are required and 

minimizes the cost of these terminals.   The I/O approach can be designed to meet the 

requ.rement, of medium readabiilty imagery and is the recommended image recorder/ 

scanner for medium readability applications. 

In addition to the performance advantages of l/G technology, it offers 

functional advanlag« over other medium readability image device technology, 

fpecifically, the transmitter and receiver modules are relatively smoh end light.   The 

..ze of the transmitter is typically 1.3 cubic feet and wei.hs about 40 pound, while the 

receiver is about 7.8 cubic feet and weigh. 120 pounds.   Both are mounted on a tabletop 

and are easily transportable. 

3.2.2 Cathode Ray Tube (CRT) Recorder/Scanner 

A CRT recorder/scanner approach would be applicable for medium 

readability applications and is therefor, competitive with the laser-galvanometer 

approach.   The h»er, modulator and galvanometer deflector are replaced with c line 

»can CRT.   The line is Imaged onto the recording medium by conventional optics or 

f'ber optics.   The scanning function is performed by using an unmodulated CRT beam 

and the reflected (or transmitted) light Is detected in a manner similar to that described 

for the l/G approach.   The recording medium is stepped past the CRT scan line |u.t 

as it is for the l/G and LBR approach. 

The primary equipment limitations that we identify for CRT recorders are 

marginal performance when exposing dry silver recording material and a significantly 

lower MTBF.   Experience with CRT recorders indicate that image <^ality I, to a large 

extent dependent upon the quality of the pho^hor and fiber optics.   It Is almost 

'mpo«ible to produce defect-free CRT's and fiber-optic assemblies, the result of which 

I. a characteristic pattern noise which is difficult and costly to ellmina*. 
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LINEAR ENCODER 

CARRIAGE RODS 

CARRIAGE 
MOTION 

ACOUSTO-OPTIC 
BEAM DEFLECTOR 

LEADSCREW 

LASER 
BEAM 

BEAM DEFLECTION 

DRUM 
AXIS 

Figore 3.12.   Acouito-Optleally Controlled Down Recorder/Scanner 

tingle drum scanner without physical'*; modifying the recorder.   The acomto-optic beam 

deflector it now used to "dither" the batic 2,000 Ipi recording tpot along the axit of 

the drum to achieve 800 and 1,600 Ipi recording and tcanning retolutiont.   A high 

frequency tignaf it applied to the ucoutto-optic deflector to achieve the dither effect. 

Consequently, a versatile recording and scanning device is obtained which covers both 

HR and PI quality Imagery. 
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type, which produces a refractive index change that forms a microscopic phase grating 

across the laser beam.   Unless some special feature of the electro-optic process is 

required, the acousto-optic modulator is generally superior in all but the most unusual 

applications.   Rise time lets than 100 nanoseconds and extinction ratios in excess of 

1500 are easily obtainable in off-the-shelf devices. 

Current laser beam recorders which produce 20,000 spot resolution on 

continuous copy roll film all use multifaceted rotating mirrors to achieve the scanning 

motion across the film.   Galvanometers are not capable of achieving 20,000 spot 

resolution at the required scan rates.   Acousto-optic beam deflectors are limited by 

time-bandwidth product constraints to applications which require microsecond sweep 

times but less than 2,000 spot resolution.   The two basic multifaceted mirror spinner 

configurations include scan-before-focus and focus-before-scan types.   The scan-before- 

focus approach is used in conjunction with a special F/9   lens which is designed to 

produce a uniform scan on a flat Field.   The principal advantage of this approach is 

that it leads to a leu complex film transport and permits recording directly on the drive 

capstan.   The focus-be fore-scan apporach does not require special lens design because the 

focussing lens always operates on-oxi..   A curved recording film platen is used to 

compensate for lege field curvature produced by this type of scanning.   The curved 

platen approach results in somewhat more complex film threading and film transport 

mechanisms.   Both approaches have been successfully employed in high resolution 

scanners.   The coct of a specially designed lens is usually offset by the cost of machining 

curved platens resulting in comparable cost impacts. 

The high performance laser beam recorder is not considered to be a 

suitable candidate for producing PI quality imagery because of high cost.   Its use would 

be recommended only if the link requirements were significantly higher than specified. 

For example, an LBR is a likely choice if PI quality (2,000 Ipi) imagery, and lower were 

to be transmitted over 1.5 Mb/s links with 5.5:1 data compression. 
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3'2'5 T^TWJnot lUcofdr/Sconnr RgcommgndoHorg 

Severol r«corder/scann«r f«chnolog««s hove bMn discuiMd in rti« four 

preceding   parogropht on the batit of technical performance factors.   Table 3.1 

summarize! the relative ronMngn of these technologies when viewed in terms of initial 

and operating cosh for typical implementations. 

Table 3.1.   Recorder/Scanner Cost Dependent Factors 

Laser-Galvo 

CRT 

Drum 

LBR 

Initial 
Cost 

low 

med. 

med./Kigh 

high 

Operating 
Cost 

low 

low/med. 

low 

med./high 

MTBF 

long 

med. 

long 

med ./short 

The evaluation of recorder/scanner technology leads to some obvious 

recommendations for configuring the four terminals.   The recommendation for MR 

imagery is separate loser galvanometer trarsmitters and receivers operating at a scan 

density of 400 lines per inch with dry silver paper and film.   This is the only image 

device required for the "D" and "DR0" terminal.   To handle PI quality imagery a 

drum recorder/scanner (transceiver) is recommended which operates at 800, 1,400 

and 2,000 Ipi.   The "B" terminal will therefore contain both a 400 Ipi l/G recorder 

and scanner but also a drum transceiver.   The "C" terminal will similarly contain a 

l/G recorder and scanner but a drum which is capable of handling only 800 Ipi imagery. 

Only minor modifications would be required to be made to this drum configuration for 

upgrading to "B" terminal capability.   The hardware description and performance 

parameters for the individual terminals is discussed in Section 4.0. 
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3.3 Terminol Input and Oufput Considerqtion 

The three primary aspects of terminal input and output products and func- 

tions are: 

e      The recorder/scanner recording medio 

e      The degree of automated unattended operation which should be 

implemented 

e      The feasibility of providing a store and forward capability within the 

terminal 

Paragraph 3.1.4 discussed various recording media options in relationship 

to the requirements for image terminal readability.   Consequently, the evaluation in this 

section will be confined to the latter two points listed above. 

3.3.1 Operational Concepts 

Figure 3.13 gives a relatively complete top level summary of the possible 

levels of automation within the transmitter and receiver, but neglects the remainder of 

the system including the communication link.   As shown, both receiver and transmitter 

can be viewed as being comprised of several functions which may be Implemented with 

varying levels of automation.   In general, the level of automation of each of these 

functions may be independently selected.   However, system constraints, such as a require« 

ment for human judgment in selecting the material to be transmitted, the quality of trans- 

mission, the destination, and a second requirement for transmission to multiple receivers, 

serve to limit the degree of automation of several of the transmitter functions.   Receiver 

function automation is not similarly limited.   The receiver function automation levels 

depicted have been refined for several of the functions by distinguishing between levels 

of automation which are feasible under local control and those which are feasible under 

remote control.   For example, it is feasible to provide completely automatic selection of 

the reproduction parameters of a receiver by remote control from vhe transmitter,   but not 

by local control, due to the variability of the parameters and the lack of information 

available in the receiver system regarding the values for the present transmission. 
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portion. If any, of all terminals is capable of full/ automatic reception with the excep- 

tionthot manual loading and removal of film is required.   The "B" and "C" terminals are 

thus capable of receiving one picture at high resolution and many at medium resolution 

without manual intervention. 

The mast suitable level of automation for the transmitter may be determined 

in a similar manner.   In this case, the proper choice is much less well defined.   In the 

absence of statistical data on the expected values for the various parameters, use of 

fixed preprogrammed parameter value tables is not required.   The choice falls between 

completely manual selection and some form of semiautomatic selection in which a single 

selection input controls all parameters that are uniquely determined by that selection. 

An example of the latter is selection of both line-to-line spacing and along-scan sample 

spacing for a system in which it is desirable to maintain equal resolution in both dimen- 

sions by means of a single selection input.   Simplicity of operation requires that the 

latter approach be taken.   Copy loading, for the reasons discussed above, should be 

manual far the high resolution portion of the "B" and "C" terminals and automatic for 

the medium resolution portion of all terminals. 

On a systems level, it is apparent that the functions of synchronization and 

fill character insertion and removal must be automated to achieve the desired performance. 

This area is described in more detail in Paragraph 2.2.   The basic point of interest is that 

the reproducer has a fixed line length so that it will accept the data following a line 

sync word up to the maximum line length or next line sync word for reproduction.   A 

line sync word starts each line.   If line sync words are further apart than the maximum 

number of samples in a line, all excess samples are treated as fill words and deleted. 

\. 

3.3.2 Store and Forward Operation 

Addition of image storage capability to the basic terminal provides certain 

advantages which are listed below: 
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to »he do»a processing equipment and be used m »he clear modes, avoiding »h. neces,i»y 

for a complex controller and an additionol data recorder while still yielding moft of »he 

odvnntages listed. 

The expression for the bit capcclty of a digitized image is given in 

Section 2.0.   An image with 6 bit quantliotion measuring 9X9 inches and scanned 

at 400 Ipi contains 7.8 HO?) bits.   Candidate storage devices should be capable of 

«taring several equivalent Image».   The current technology which i, applicable is: 

• Digital Magnetic Tape - has a capacity of 3.7 (108) bits (about 

5 Images per reel) with read/write speeds at selectable fixed rates 

ofupto5.8(l05> bits/sec. 

• Analog Magnetic Tape (Linear Scan) - has a capacity of 7.2 (109) 

bits (about 90 Images) with read/write speeds up to 3.2 (107) bits/sec. 

• Helical Scan Digital Tape - has capacity of 7.5 (1010) bits (almost 

1000 Images) with average read/write speed of 6.3 (106) bits/sec 

and maximum fixed speed of 8.1 (106) bits/sec. 

• Disk - hat capacity of 0.7 (109) bits (about nine Images) with fixed 

read/write speed of 6.4 (106) bits/sec. 

The various types of magnetic tape units exhibit a major disadvantage In 

this type of system configuration be-ouse of the variable access rate.   When used as the 

transmitter data source, the tape must provide a lin, of data on demand from the data 

proce«or input buffer or operate only with the encoded data,   When used as the receiver 

data source, the tape must provide a line of data on demand from the data processor 

Input buffer or the reproducer output buffer.   The tape transport, currently available are 

not well suited to this type of operation - including the analog magnetic tape and helical 

scan digital tape.   Start/stop times for these two type, are on the order of second, result- 

ing In long interrecord gaps.   To utilize these technique, efficiently, the data processor 

buffer size must be Increased to handle several second, of data.   This represent, an 
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incr«a»e of several ord«r$ of magnitüd« over stände d requirement so it it no» on ottrac- 

tive solution.   Digital magnetic tape transport stop or start in milliseconds, but the 

capacity of the tape is not very high. 

The magnetic disk memory, however, suffers from none of these problems. 

No buffer size increase is required because the access time is no mare than 20 milli- 

seconds per line.   The staragt capacity is sufficiently large for three disks to be used for 

high scan density image storage. 

Ot!      technologies showing considerable promise for this application by the 

1980 time frame are charge coupled device (CCD) memories and mognetic bubble mem- 

ories.   Presently these devices are experimental in nature, with indications that the cost 

and performance may eventually be competitive with the magnetic disk.   One CCD 

memory device has been commercially Introduced at a cost of 0.15 cents per bit with 

further reductions expected.   This compares with a cost of 0.003 cent per bit for the disk 

subsystem discussed above.  The CCO or magnetic bubble nwrnory lends itself to rugged- 

ization more readily than the disk.   Since these technologiei are immature at present, 

the prediction of precise cost trends is much mere difficult than for the magnetic tape or 

disk. 

The additional capabilities offered by the addition of picture storage to 

the terminal must be evaluated by tU user on the basis of cost-effectiveness.   The cost 

of a nonruggedized diik subyitem is approximately $70 thousand.   The opMon of »tore- 

and-forward operation is technically feasible and implementable with currently available 

hardware.  We consider it to be on exercisobie option but have not included it in the 

terminal configurations. 
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3.4 Tefminol IntTcompqtibilify 

Terminol infercompaHbillfy is one of the key requirements to ensure flexible 

system response to dynamic situations.   A high degree of flexibility is required to respond 

rapiUly to changing military and political situations.   Several advantages may be realized 

if the network system and the terminals are configured so that every terminal type be 

capable of communicating with every other terminal type.   For "B" and 'C" terminals, 

an intercompatibility configuration in which transmit or receive portions of the equipment 

are used tends to increase the availability of the network. 

Transmission capability from a low level ("D" or "DRQ ") terminal to a high 

level terminal ("B" or "C") is a basic requirement of this approach.   Upwards compat- 

ibility is realized by including the capability within each terminal to receive trans- 

missions from lower level terminals.   This may be accomplished by providing an image 

recorder of the type used in the "0" terminal as part of the "B" and "C" terminal.   The 

volume of incoming data can be increased or decreased, if required, by the data 

processor. 

The overall impact of intercompatibility is to allow the system to be recon- 

figured in a variety of ways subject only to the communication system constraints and the 

basic terminal parameters.   Depending on the availability of suitable communication 

links and the operational situation, networks may be merged, increased or decreased in 

size, and added or deleted. 

Terminal types "B," "C," and "D" can easily be configured to allow auto- 

matic arbitration of image   recorder type, recorder spot size, image quantization, and 

pixel/line deletion or repetition so that any terminal can transmit to any mix of receiving 

terminals either simultaneously or one at a time.   The configuration of a typical multidrop 

system is shown in Figure 3.14.   If terminal MB" Is to transmit to "C" and "D" terminals in 

the net, manual inputs to the "B" terminal cause data to be scanned and transmitted at 

800 lines and pixels per inch.   The resulution of the transmitted data is signalled to the 

receiving terminals in the set-up word as indicated In Section 2.0.   The "C" terminal 

receives the data and utilizes it without modifying the resolution.   The "D" terminal 

deletes alternate lines and pixels of data to convert the received data to a compatible 
resolution. 
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Unattended operation, except for replenishment of paper, maintenance and 

repair, is thus permissible between any levels of terminals as long as the data is trans- 

mitted and received at 200 or 400 lines and pixels per inch.   High resolution transmissions 

use a drum scanner and reproducer which require manual loading and unloading at both 

transmitter and receivers.   Operation with other than unity scale factor also requires 

manual intervention at transmitter and/or receivers.   Note that the discussion in this 

section relegates the link switching, if any, and the crypto synchronization to the com- 

munication systüm. 

If a portion of an image or an image of less than 9 by 13 inches in size is 

to be transmitted, the transmitter must be informed which portion of the image is to be 

transmitted or the size of the image.   This information is manually entered from the image 

area designator device. 

This device allows designation of image areas 1 inch square for utilization 

in defining image size and redundant areas to the data processing module.   The present 

concept of this device uses an overlay on the image with 1 inch grid lines, indexed to 

the upper right corner of the image.   A group of pushbuttons provides the means far 

designating individual 1 inch square areas and the type of compression algorithms used in 

the redundant areas.   The transmitter scans the entire 9 by 13 inch area but transmits only 

the designated information.   Scanning will cease when the remaining portion of the 

picture contains no additional area designated for transmittal.   This approach permits 

smaller formats to be handled more efficiently. 

The same feature is used to transmit a magnified version of a small image. 

Magnification is accomplished by scanning at ana scan density and recording at another. 

For example, a 2 inch square portion of the image could be scanned by a "B" terminal at 

1600 tpi by reception as a "B," "C," or "D" terminal.   This would be accomplished by 

selecting the area to be scanned by the image area designator and causing the transmitter 

data processing module to identify the 16001 pi data as 400 1 pi data to the receiver.   The 

effect would be to cause the linear dimensions of objects in the magnified image to be 

four times larger than in the original image scanned.   Similarly 2X magnification is 

accomplished by scanning at twice the scan density of the reproduction.   It should be 
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notsd that the result« of the mognlfioation process described above are effectively 

identical to employing optical magnification of the corresponding value (2X or 4X) on a 

2 inch square image scanned and reproduced at 1600 I pi.   Objects slightly above the 

limit of detection in the 1600 Ipi reproduction appear correspondingly larger, but still 

only slightly above the limit of detection in the 400 Ipi reproduction. 

Magnification is alto possible by scanning and reproducing at the same scan 

density, with each data sample and each line repeated twice for 2X magnification.   This 

is called "empty magnification" because the objects in the image appear twice as large, 

but do not contain more information.   Empty magnification could be employed to 

achieve magnification between terminals with the same scan density. 
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3.5 Terwinol Modulority 

A natural melhod of upgrading terminal performance i$ by exchanging a 

portion of lh« terminal for higher performance Hardware or by adding equipment to an 

existing configuraHcn to improve terminal capability.   The primary advantage of 

modular design is that it affords a means for upgrading terminal performance with 

minimal cost impact.   The two major subsystems considered for modular implementation 

are the recorder/scanner subsystem and the data processing subsystem/ 

The recorder/scanner subsystem modularity concept must be considered in 

terms of its application in the various terminal configurations.   The lowest performance 

configuration is one using only the laser-galvanometer recorder for reception of 400 Ipi 

imagery in the "O^* terminal.   The image recorder receives data at 400 Ipi but is 

capable of recording at two spot sizes - one which is consistent with 400 Ipi resolution 

and another which has twice the spot size but still scans at 400 Ipi.   This tatter approach 

tends to produce a more uniformly pleasing image than one produced by merely dropping 

pixels and lines for 200 Ipi operation.   The laser-galvanometer recorder records on 

either 3 M brand dry silver paper or film from continuous 200 foot rolls.   lm<Ve sizes of 

up to 9 inches by 13 inches can be easily accommodated.   The recording medium is 

processed automatically after completion of the recording sequence. 

The image recording and scanning capability of the "DRO
M terminal may 

be upgraded to "D- teiminal status by adding a laser-go I vometer scanner module.   It 

too is designed to operate at 400 Ipi but has the capability of scanning with two different 
spot sizes. 

For performance beyond medium readability capability, a drum recorder/ 

scanner Is added.   The Initial step to "C" terminal status requires the addition of one 

capable of operating at 800 Ipi.   For "B" terminal capability, this drum Is further 

modified to provide both 1600 and 2000 Ipi recording and scanning capability.   Input 

and output media for use with the drum equipment I. restricted to Him which Is manuolly 

loaded and unloaded from the device. 
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Six data processing module options are recommended to cover the full 

range of terminal requirements.   The first of these is the basic "D" terminal Data Pro- 

cessor, a bipolar microprocessor based device that perfonm the functions of setup, 

encoding, decoding and data buffering.   This function is illustrated by Figure 3.15. 
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Figure 3.15.    Basic Data Processing Function Diagram 

The basic buffer size it 3600 words.   The second module provides additional memory to 

extend the buffers to a 7200 word length which is required for the "C" terminal.   The 

third module provides yet more extension memory for a total of up to 18.OK words which 

is required for the "B" terminal. 

The fourth module it an optional high speed Huffman encoder/decoder which 

provides an average 2.4 x increase in picture trantmission speed.   This module it capable 

of operating at the 1.5Mb/s link rate expected on high bit rate linkt and providet a 

measure of data reduction at rates above those for which conventional general purpose 

serial data procettors ore featible.   Input buffering it provided in the module. 
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Th« fifth module is a high speed buffer/link interfrce.   This unit allows the 

drum scanner/reproducer to interface to the 1.5Mb/s link, either directly or through the 

Huffman code module described above.   All buffering necessary for direct interface, as 

well as sync code insertion is provided by this module.  The code output is buffered to 

the link when used in confunction with the Huffman encoder/decoder module. 

The sixth and final module is the store and forward module.   This module 

provides a magnetic disk and Interface to operate as described in Paragraph 3.3.2. 

i) m^rmm 
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3.6 Security Considerptioru 

The two aspects of security which are sufficiently important to require 

special attention are: 

1. Conformity to TEMPEST requirements 

2. Compatibility with COMSEC equipment 

The elimination of compromising emanations from the RED terminal equip- 

ment must be a goal which is addressed early in the detailed design phase.   Experience 

with  the EICS equipment   indicates  that   it   is a difficult  task to eliminate 

compromising emanations after  the equipment has already been designed and built, 

As shown in Figure 3.16. the original EICS equipment did not meet the imposed 

TEMPEST requirements and even after extensive modifications, it was judged to 

be only marginally conforming. 
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Figure 3.16.    EICS and Laserfax TEMPEST Tests 
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3.7 Communicotion Interfoce Considerotions 

ev 

Most communicotion links in use today are basically analog in nature, 

..en though portions of the link may be digital.   Digital signals are transmitted over 

analog lines by the use of modems at both ends of the link.   The modems (modulator- 

demodulator» convert the digital signal into an analog form suitable for transmission 

ove. the analog line at the transmitter and convert  the analog form back into digital 

fom, at the receiver.   Compensation is usually applied to the received analog signal 

hich allows distortion, frequency shift, phase shift noise, and band limiting to occur 

without disrupting the link.   The upper portion of Figure 3.17 Illustrates this type of 

operation and shows a standard MIL-STD-lSSC low level Interface between the terminal 

and the modem. 
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Figure 3.17.   Terminal Interface Through MIL-STD-188C 
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A second type of interface i$ shown in the lower half of the figure.   In 

this case the communicotio-i link infeifoce is digital.   The communication link may be 

totally digital over the entire length or digital over only a portion of the length.   Few 

links today are whoUy analog or digital - most ore a composite of analog and digital 

portions.   l>te effect ?« {hat there is little difference between the two types of links 

except for the actual location of the modem which can be either inside or outside of 

the link. 

Another consideration for communication interface is the source of the 

timing for data transmission.   Modems and digital link interfaces may operate either 

synchronously or asynchronously.  At lower speeds, modems are often asynchronous, i.e., 

operated at a variable bit rate defined by the data source .« the transmitter.   At high speeds 

modems are almost always synchronous or operated at fixed bit rates defined by 

precision timing sources located most commonly within the transmitting modem but some- 

times external to the modem in the transmitter«   Timing for the receiver is derived from 

the transmitted data.   Similarly, digital link interfaces may be either synchronous or 

asynchronous.   OfHn digital input data at lower rates are multiplexed digitally, perhaps 

through several stages, lo form a single higher bit rate stream for transmission over a 

high bit rate link.   In this cote, timing must be phase locked to the multiplexer rate in 

order to ensure usable data.  At the receiver, the data stream is used to regenerate 

timing for control of the demultiplexing process.   Demultiplexing requires phase-locked 

timing through the lowest stage. 

Accordingly, the terminal operating as a transmitter must be capable of 

generating the timing signals sent to the modem or link interface, and alternately of 

accepting the timing signals from the modem or link interface.   In the receiving mode, 

the terminal must be capable of accepting the timing signals from or generating the 

timing signals for the modem or link interface.   Provision for a precision timing source 

internal to the terminal and selection circuitry for tne timing source is a standard design 

technique. 
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3«8 Doha Compresiiion 

During the course of this study, the RADC-developed Redundant Area 

Coding Scheme (REARCS)1' 2 is employed a, the baseline approach for achieving high 

data comprwslan factors.   The data compression technique ha. been successfully Imple- 

mented and evaluated on an Experimental Image Compression Subsystem (EICS)3 under 

several R ADC-sponsored contracts with HARRIS Electronic Systems Division (Harris 

ESD).   In this section, the basic operating principles of REARCSare reviewed. 

The purpose of the Redundant Area Coding Scheme (REARCS) is to reduce 

data content in a picture so it may be tranwnitted in minimal time over a communication 

link.   Since not all areas of normal reconnaiaance imagery carry the same level of 

interest, only the areas of high information need to be transmitted exactly.   The low- 

information (redundant) areas are used primarily for orientation, so they can be coded 

for transmission at the maximum data reduction rate and still be effective.   Based on 

these facts, the REARCS approach applies different coding techniques to the two types 

of areas.   In the nonredundant area, a statistical coding is used to preserve all of the 

dato by coding the data exactly as it is digitized.   In the redundant areas, on Inter- 

polotlve step technique is used that can be combined with lower resolution scanning to 

obtain data compression. 

The redundant and nonredundant areas of the picture and the coding tech- 

niques in the boundary areas are selected by the operator using a grid matrix.   A con- 

venient grid of, say, 1 Inch x 1 Inch spacing U usually chosen. 

In the nonreoundant area we use an entropy-preserving statistical 

code.   Starting with the value of one pixel, statistical coding is used to encode the 

changes in grey levels between adjacent pixels.   The frequency of occurence of 

4literchai970.NO' 3743765' Red^"t Area Coding System, U.S. Air Force; 

3 "Redundant Area Coding Study," RADC-TR-7M92 September 1972. 
"Experimental Image Compression Subsystem (EICS)," RADC-TR-74-191 January 1975. 
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different  difference values follows a definite itatistical pattern; no-change and 

single-level changes occur most frequently, while two- and three- level changes occur 

less often.   Table 3.2 is a list of the statistics of level changes which were determined 

by measuring many different types of reconnaissance images.   Only minor changes 

occur in the statistics of complicated images compared to uncomplicated images. 

Table 3.2.   Level Change Statistics and Coding 

Huffman 
Code 

No change 1 

One-level change + 01 

One-level change - 001 

Two-level change + 00011 

Two-level change - 00001 

Three-level change -*■ 0000101 

Three-level change - 000100 

Four-level change + 0000011 

Four-level change - 0000001 

Remainder code 0000010 (followed 
by a 6-bit data 
value) 

Statistical 
Occurrence 
(In Percent) 

68.0 

12.1 

12.1 

2.0 

2.0 

12 

1.2 

0.4 

0.4 

0.6 

In order to assign a unique code to each event, a Huffman coding 

approach !s used.   The most likely events ore assigned the shortest codes.  All changes 

of more than four levels ore assigned a new reference by assigning a special code 

with the absolute 6-blf value of the sample sent right after the code.   This form of 

coding yields 2.0 to 2.4:1 data reductions depending upon the activity of the picture 

71 

\ 
^^■}(iii»*vy.'.i»t ..|WII. 

• ■■-? 

^^KT7 



data.   The ouhtanding choracterUHc of this code is that it is noninterpolative or 

entropy-preserving.   Thus, if no link errors are introduced, the decoded data will be 

exactly like the input. 

In the redundant areas, an entropy-reducing step coding technique is 

used.   The step coding algorithm is a zero order reduction interpolative technique.   The 

code Fixes a reference point with the "next sample" and establishes a tolerance around 

this point.   The subsequent samples are examined to determine if they lie within this 

tolerance.   All consecutive values within the tolerance are transmitted as a single 

sample with the assigned value of the center of he tolerance range.   The count of the 

samples falling within the tolerance is transmitted as a run length.   When a sample falls 

outside the tolerance, a new "next sample" reference is established using this sample 

and subsequent samples are tested against this newly established tolerance.   The 

operator can select various tolerances and numbers of lines and samples to be dropped  - 

depending upon the quality he desires to transmit in the redundant area.    The  trans- 

mission time  is,  of course,  affected by  the coding;   a scheme  that perserves 

more of   the original  data will   take   longer  to transmit. 

Another feature that has been incorporated in the system is the zoom tech- 

nique.   By using this technique, a small area of the original photograph con be scanned 

at higher resolution and reproduced on the receiving end in an expanded form at lower 

resolution.   For example it is powible to: 

• Scan a 4 inch   x  4 inch area at 400 lines/inch and reproduce on the 

receive end as an 8 inch   x  8 inch copy at 200 lines/inch for a X2 

expansion. 

• Scan a 2 inch  x  2 inch area of the original photograph at 800 lines/ 

inch and . eproduce on the receive end an 8 inch   x  8 inch photo- 

graph at 200 lines for a X4 expansion.   This capability allows the 

operator the option of transmitting the whole copy at 200 linet/ 

inch at the first picture in the «et, and then zoom in to transmit the 

small 2 inch square of the picture ct an effective 800 lines/inch. 
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The zoom technique, combined with REARCS has proved to be an 

extremely effective technique for transmitting intelligence and reconnaissance picture 

data.   The reaction thus far to the use of the two-coding technique and the zoom tech- 

nique has been very favorable.   The EICS testing has shown that the coding combination 

described is very effective and that the lower resolution in the redundant areas does not 

affect the usability of the received information.   This testing has shown that, on the 

average, between 5 and 10 boxes are all that are required to designate most of the 

target areas in any one picture.   The system is flexible, however, such that the 

operator could, if he desired, select all of the boxes as tnrget areas and transmit the 

entire picture at the highest resolution possible.   Tests have shown that a data com- 

pression factor of between 10 and 15 is easily achieved and under some conditions. It 

is possible to obtain 20:1 reduction on reconnaissance imagery. 
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<«v««l dlffar«* .Mhnologl« for I^Ur-ntln,, H» doto proc«lng func- 

,,« or. c««««! In lt>l. »otto«.   Th. .«r ^P« of implomonMloo W«^« 

coraid«r«d or«j 

1.    Hardwired log'c 

1,    Minicomputer» 

3. MOS mlcroprocenor» 

4. Bipolar mlcroprocettor» 

Th. hardwlr«! logic ^*ro.«h I. th. conyontlol on. which w« indlyldu.1 

MSI lo,lc .l«-nH In . p«oll.l or^nlKdlon .. p«f«m H» bofteln,, ««ding »d 

d.c««ng, ond lnt«fdc. f-nctlo».  Th. logic <U.tgn I. H-clflclly toll»«! »o Ih. 

*** pro»«. «Kling «Ig-t*« which I. to b. «.d.   Thl. opprooch i. «tortv.!/ Infl.x- 

ibl. but rffdr. th. hlgh«t vMd «ability of ony rf th. «othod. of l.npl-i-nWlon 

comld«d.  Minor chon^. to th. coding olgorlthm n»y not b. M«n.n«d without 

.««l«r«Wgn«.r^««n.ntorr««Aof*.h-dwor..   Although no «rftwor. 

c«t I. Incurs «rfng *!. q*r«ich, th. h«dw« cort I. high, coo-quontly, th. ov«.ll 

ot h th. hlgh«t rf th. opprooch« c.«l<hr^.  Th. .1» of th. control ««o»ry I. 

d^^M upon th. ^oclflc rt<«d P-ogr-n olgorlthm but It 1. «uolly «oil» H»n for 

olfnr liopl"n.nlotloo t^hnologt«. 

Th. mlnlco«pu«r opprooch gonwolly off« th. ty.t«n dntgn« . ropld 

M«.nW!o« cycl. ond o r.totlv.ly low l«.l of d^lgn ond progrommlng rffort.   Th. 

prlmory odvonto^. of o «Inl«»^« W«* Includ. ovolloblllty of ruM-I-d mod.!, 

o. woll « o wW. wng. of »ftwor. pocbog« ond p«lph«l «p.lpn»nt oil <rf which or. 

«„«M by v— «l.«t«l c»too«r «rylc. Th.dl»d«ontog» Includ. limit«! .»«t- 

inc  y—*i «I» »nd long dollvwy telmdul«. 

Th. mlcropro««ior opprooch utlllx« LSI t.chniv« to provld. o word- 

„,„11,1 .«drol proctor u.lng »«y f«. Int«p.t«l clrartt..  Although no b»lc dlffdr«,» 

«I.H lmtw«n mlnlcomputan ond mteocomput«, o fow Irond, con b. Id«tlfl«l. 
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Minicomputers are usually purchased as complete systems Including power supplies and 

memory whereas microcomputers are purchased as «ither complete systems or sets of 

integrated circuits without power supplies, memory, or mour.ting hardware.   Although 

present minicomputers are being fabricated with TTL and MSI circ-jitry, the trend it 

toward implementing minicomputers with LSI microprocessor chipi. 

The microprocessor is most often used in a dedicated application instead of 

as a general purpose machine; consequently, relatively little system support software is 

available for most microprocessors when compared with minicomputers.   The minicomputer 

architecture is generally more easy to implement than the microprocessor because of the 

pin-out constraints on the LSI packages. 

The two most common microprocessors available today are based on either 

MOS or bipolar technology.   The MOS technology yields more complex and versatile 

chips but bipolar circuitry is much faster.   The table below compares several key 

parameters. 

Table 3.3. MOS and Bipolar Microprocessor Comparison 

MOS Bipolo*- 

4,8,16 2,. 

2-60M8 .5-2ps 

Word Sizes (Bits) 

Speed Ranges 

(Macro Instruction Time) 

Architecture Types 

Languages 

Monolithic 

Functional Slice 

Bit Slice 

Macro 

Micro 

Bit Slice 

Micro 
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Softwor« Aidb 

Tobl« 3.3.    MOS and BItv>l~ kit 
Bipolar Mlcroproce«or Comparison (Continue) 

Bipolar 

^-X Assembler 

Hardware Aids 

MOS 

(X) Assemblers 

Editon 

Loaders 

1-Higher Level Language 

Simulators 

R«al-Tlme Development 
Systems 

For Micro-Code 

None 

"•»^3.19.   The bipolar microp^c^soroflbagr^.r 

PARAMETER 

HARDWIRED 
LOGIC 

COST 

MINICOMPUTER      I MODERATE 

MICROPROCESSOR I     LOWEST 

FLEXIBILITY 

LOWEST 

HIGHEST 

■ ■     _^ __ .     MODERATE 

JWICROPRCXESSOR r^Zl*"      MODERATELV       MODERATE 7 
  l  I FAST I HIGH 

Figure 3.19.    General Data Proofing Trode-Of* 

^peed than the minicomputer at similar flexibility and cost levels    Th. ^  
for th« UMIM. _» «»veis.   The hardware cott 

•oftH^r».   This approach do« not offer the soeed of A. ki    i       . -^«'© the 
quite expensive If maa*!«^ ,        . ^ * m,crePro«*«<»r «*! is 

xpensive    ^dlxatian is r^ul^d.   /ddlMonal peripherals are r^uir^ to 
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achieve full flexibility.   The MOS microprocessor offers  the lowest cost approach but 

is also the slowest.   The operation of a MOS microprocessor may be changed by modify- 

ing the firmware. 

The speed of operation of the four processing technologies is superimposed 

on a graph of computer operations venus data compression ratio as shown in Figure 3.20. 

COMPUTER 
OPERATIONS 
PER SECOND 

HAROWIRED 
TTL 

MPOLAR MICROfftOCESSOR 

MOS MICROPROCESSOR 

10 M 80        100 

COMPRESSION RATIO 

200 800 

Figure 3.20.    Data Compression Processing Limitations 

The operating speed of the data processor is determined by the data compression factor 

and the bit rate which must be attained to fill the communications link.  The data pro- 

cessing module must operate at a sufficiently high speed to be capable of supplying data 

to fill the link regard leu of the data compression presently occurring. 

The number of samples per second which must be processed can be calcu- 

lated asa function of the bit rate and data compression factor and Is given by: 
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4.0 TERMINAL CONFIGURATIONS 

Many of the technical factors which influence the general form, perform, 

ance and functional feature» of a terminal are evaluated in Section 3.0.   On the basis 

of these cost-dependent factors, it is possible to synthesize an implementation approach 

which meets the basic guidelines and objectives of the study.   A summary of the 

recommended configurations and terminal features is presented in this section. 

4.1 The "D" Terminal 

The "D" terminal forms one of the basic building blocks of any image 

transmission system which would be constructed using the technology discussed above. 

This terminal is the one which is most likely to be implemented in large quantities in any 

practical network arrangement.   This terminal transmits (and receives) medium readability 

Imagery (and lower) to (and from) all other types of terminals.  A block diagram of the 

"D" terminal configuration, shown in Figure 4.1, consists of a separate medium 

readability receiver and transmitter, data processing module with memory buffer and 

REARCS coder.  Communication security and modem equipment are also Included In 

the block diagram but have been treated as part of the communication link.   The medium 

readability receiver Is a laser-galvonometer recorder which is capable of recording on 

either dry silver paper or film.   The medium readability transceiver is a laser-galva- 

nometer scanner which can scan either opaque or transparent products.  An artist's 

concept of a commercial grade "D" terminal configuration is shown in Figure 4.2. 

The laser-galvanometer recorder Is located In the center and the smaller scanner unit 

is shown to the right.   The REARCS coding «elector grid and associated push button 

selector switches are located on the top surface of the console.   The console, as 

depicted, contcrns the data processing, commsec and modem equipment.   In practice, 

the latter two devices may be required to be physically located away from the terminal 

eqi jpment to meet communication security requirements. 
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MEDIUM 
READABILITY 

RECEIVER 

1 MEMORY 
BUFFER 

REARCS 
CODER 

V 

INTERFACE yy/yy/yy. 1 > OPERATOR 
MEDIUM 

READABILITY 
TRANSMITTER 

^ DATA 
PROCESSING 

MODULE 

OPERATOR 
CONSOLE 

LI V 
i 

.1 32 kb/s 
AND LESS COMSEC 

EQUIPMENT MODEM '1 ^"""^ COMM 
LINK 

Figure 4.1.   "D" Terminal Block Diagram 

REARCS 
COOING i 

SELECTOR 

MEDIUM READABILITY 
RECEIVER AND 
TRANSCEIVER 

MICROPROCESSOR 

MODEM 

COMSEC EQUIPMENT 

Figure 4.2.   "D" Terminal Artist's Conception 
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The principal top level "D" terminal characteristics and performance 

parameters are highlighted below: 

Loser-Galvanometer Scanner (Transmitter) 

Dual Scan Density: 400 and 200 Ipi 

Average rcan rate of approximately 30 Ips 

Quantization at 6 bits/sample 

Paper opaque or Film transparency input medium 

Nine inch wide by 13 inch long image size 

Loser-Galvanometer Recorder (Receiver) 

•   I 

Dual Scan Density:  400 and 200 Ipi 

30 Ips average scan rate 

Quantization at 6 bits/sample (5 bits/sample preserved on film) 

Recording medium:  200-foot rolls of 3M Brand Dry Silver Paper or Film 

Nine inch wide by 13 inch long image size 

Positive or negative recording polarity 

Data Comprewion 

Operator Selectable REARCS with Huffman DPCM Coding 

Three operator-selectable tolerance or deletion modes 

Communication Interface 

Digital or Analog Communications Links 

MIL-STD-188C Compatible 
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I» •     Compatible with 2.4, 4.8, 9.6, 16 and 32 kb/$ modems 

e     Compatible with matt COMSEC equipment 

The primary features of the "D" terminal are: 

e     Unattended receiver operation 

e     Dry processed recording materials 

Compatible with all other terminals 

Microprocessor controlled coding and terminal control 

Upward compatibility (modularity) 

Up to 32 kb/s transmission rate 

REARCS compression 

Low-cost laser-galvanometer recorder/scanner 

1 

I 

4.2 The "DR0" Terminal 

The "DR0" terminal Is a descoped version of the "D" terminal and 

represents the minimum terminal configuration.   This terminal is capable of only 

receiving medium readability Imagery (ana lower).  Consequently, It need not contain 

all of the equipment required for Image scanning and REARCS area selection.   This 

configuration Is the one which Is most readily adapted to mobile deployable field use. 

A block diagram of the "DRO" tenrlnal Is shown in Figure 4.3.   The performance 

parameters and features are identical to those listed for tha recording aspects of the 

"D" terminal listed in Paragraph 4.1 and are not repeated here. 

/ 

4.3 The "C" Terminal 

The "C" terminal, which is capable of recording and scanning high 

readability Imagery, Is configured as shown in the block diagram of Figure 4.4. 
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Figure 4.3.   "DRO" Termlnol Block Diagram 

FILM 
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TRANSCEIVER 

MEDIUM 
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RECEIVER 

MEDIUM 
READABILITY 
TRANSMITTER 

INTERFACE 
EXTENSION 

INTERFACE 

\ 

MEMORY 
EXTENSION 

MEMORY 
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'SSSSS/S/ 
DATA 

FROCESSINO 
MODULE 

REARCS 
CODER 

OFEIIATOR 

OFERATOR 
CONSOLE 

COMSEC 
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32kb/i 
AND LESS 
COMM 
LINK 

Figur« 4.4.   "C" Tormina I Block Diagram 

The major difforanoM batwaon th« "C" tarminai and the "D" tarminaI or« th«addition of 

a drum r«cord«r/seann«r (transc«iv«r) which is us«d only for high r«adabiltty imagary, 

ih« «xt«nston to th« nwrnory buffor and Intarfac«, and c film proeassor for th« film. 

Th« approach tok«n to achtav« tormtnol modularity is «vid«nt by comparing th« block 

diagram of th« "D" tormlnal to th« "CN tormlnal.   1h« «qulpm«nt charactaristlcs or« 
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identical to those described for the "D" terminal with the exception of those factors 

which relate to the high readability transceiver.   This equipment consists of a laser 

drum recorder/scanner which has the following characteristics: 

• Single scan density at 800 Ipl 

• Single rotation rate at 2,000 r/min 

• Six bit quantization preserved 

• Scan and record on wet processed silver ha tide film 

• Nine Inch wide by 13 Inch long copy size 

The physical appearance of the "C" terminal equipment is nearly identical 

to the "B" terminal equipment shown as an artist's concept In Figure 4.5. 

REARCS COOING 
SELECTOR PANEL 

MEDIUM 
READABILITY 
RECEIVER 

MICROPROCESSOR(S) 

MEMORY EXTENSION 

MODEM 

COMSEC EQUIPMENT «191? 

Figure 4.5.   "B" Terminal Artist's Conception 
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4.4 Th« "B" Terminal 

The "B" terminal configuration, which ii capable of recording and scanning 

photo interpretable images, is the most sophisticated and costly of the terminal types. 

It is implemented by adding capability to the "C" terminal described in the previous 

section.   Figure 4.6 shows a block diagram of the basic "B" terminal components. 

In this case, the photo interpretable transceiver is an upgraded version of the "C" 

terminal drum transceiver and operates at three scan densities; 800, 1,600 and 2,000 

Ipi.   The data processing memory extension is greater than required for the "C" terminal. 

The normal interconnection path to other terminals is through the 32 kb/s 

link shown at the bottom of the block diagram.   This link is used when the data has been 

scanned at 400, 800, 1,600 Ipi.  A high speed channel (1.5 Mb/s) is shown at the top 

of the diagram for use only when 2,000 Ipi imagery is to be transmitted to other "B" 

terminals.   The communication over this link may be made secure and may include 
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EQUIPMENT 

MAXIMUM 
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INTERFACE 
AND 
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MEMORY 
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MEMORY 
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OPERATOR 
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EQUIPMENT 
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Figure 4.6.   HB" Terminal Block Diagram 
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some form of simple data comprenion such as Huffman encoded DPCM.   Figure 4.7 

shows a block diagram of the major blocks required to configure a special channel from 

the PI quality transceiver over a 1.5 Mb/s communication link. 

FILM 
PROCESSOR 

i 
i 

PHOTO- 
INTERPRETABLE 
TRANSCEIVER 

HARDWIRED 
BUFFER 

CPU 
ENCODER AND 

FORMATTER 

HARDWIRED 
BUFFER « 

COMSEC 
EQUIPMENT 

700 kbit 
 ^ OR 
~r 1.5 Mb/« 

LINK 

Figure 4.7.   "B" Terminal for Photointerpretable Imagery Over 
High-Speed Communication Links 

The principal features of the "B" terminal are listed below: 

• Minimum operator intervention in receiver mode 

• Low risk drum technology for PI quality 

• Up to 32 kb/s transmission plus 1.5 Mb/s option 

• REARCS compression at 32 kb/s 

• Two-device recorder/scanner 

• Operates at 2,000 Ipi between "B" terminals 

• Operates at 1,600 Ipi for backup over lower rate link 

• Compatible with all terminals 

The ultimate "B" terminal configuration is one which is capable of 

transmitting and receiving PI quality imagery over 1.5 Mb/s lines with data compression 

in excess of 5:1.  This requirement represents a significant departure from those which 
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5.0 PROGRAM CONSIDERATIONS 

Thi» section it d«vot«d »o a brief discuuion of torn« program related factors 

which ore derived from the analyses made and the conclusions reached In the previous 

sections.   The identified program related factors include recommendations for continued 

technical evaluation and testing plus cost estimates which are based on the terminal 

configurations discussed in Section 4.0. 

5.1 Technical Considerations 

During the course of this study several technical questions arose which, 

because of the severe time constraints, were not addressed to the depth that is required 

for a program of this type.  Accordingly, the following list is submitted as a recommen- 

dation for consideration as advanced development for the program: 

1.    A detailed trade-off analysis of the different source encoding algo- 

rithms for application to the nonredundant areas of the REARCS 

algorithm is recommended.  Analysis of this problem is complicated by 

several interrelated factors including technical, operational and data 

origination.  The technical factor is primarily related to the perform- 

ance of the algorithm compared to the complexity of implementing 

the algorithm.   The emphasis should be placed primarily on a compari- 

son of transform codings versus various DPCM entropy-coded 

approaches.   The operational considerations involve both interface 

compatibility between terminals (i.e., should a common algorithm be 

used for all terminals?) and the degree of availability of data which 

may be available only in Fourier-transformed forms.   Thirdly, It is 

possible that data which undergoes cascaded source encoding processes 

from DPCM through transform encoding may suffer in quality due to 

the compounding effects of successive operations.  An approach to a 

solution requires that the operational questions be addressed first at 

the proper clearance level so that the proper framework for technical 

analysis and simulation can be established. 

92 

L rt      \  
imm 

m 



2. A projecf to determine a practical "filter" which would reduce the 

bandwidth requirements of the imagery but still retain adequate infor- 

mation for tactical exploitation is recommended.   Throughout this study 

It has been assumed that a very simple decision process is employed 

when high quality imagery is transmitted to less sophisticated and 

lower quality terminals.   For example, consider the situation of having 

2,000 Ipi imagery and a communication bandwidth link to a user which 

only allows for 800 Ipi point rastering.   One method, und the simplest, 

is to transmit one of the pixels in every 2.5 x 2.5 pixel array. 

Another approach, and one requiring more storage, is to transmit 

one pixel which represents the average value of the pixels in the 

2.5 x 2.5 array.   This is termed uniform averaging.   A more general 

approach provides for weighted averaging by transmitting one pixel 

which is the weighted overage over one or more arrays of 2.5 x 2.5 

pixels each. 

The analysis of this problem requires a trade-off between implementa- 

tion complexity and the potential for improved image quality from 

more complex filtering.   The trade-off should be made on the basis of 

impact on the "B" and "D" terminal hardware and software performance 

and cost.  A facility which has the capability for experimentally 

altering the filtering operations should be used with standard tactical 

reconnaissance photography to evaluate the effects on image quality. 

3. It is recommended that the "specifications" for the MTF amplitude and 

phase response for the "I" and "D" terminals be formulated.   This 

specification should Include both amplitude and phase factors extend- 

ing from dc to twice the sampling density.   The approach recom- 

mended is one involving three phases.   The first is a detailed analysis 

of the terminal recorder/scanner transfer functions including the 

effects of spot profile, modulator bandwidth, recording media 

limitations, etc., over the operating ranges of the equipment.  The 
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$econd is an evaluation of the MTF and phase rolloff sensitivity fof 

standard tactical reconnaisance imagery which can be determined 

largely by experimental techniques.   Finally, a detailed second- 

level design of the "B" and "D" terminals is recommended which 

would include appropriate filtering concepts to achieve the best 

performance versus implementation trade-off.   The second-level 

design effort should also include a careful analysis (and experimental 

verification) of the acousto-optic cross-track dither concept and a 

thorough characterization of dry silver film and paper for MR and HR 

image applications. 

5.2 Cost and Schedule Considerations 

Previous sections dealt with the application of measurable scientific 

principles.   This section will deal with the rather subjective areas of cost and schedule. 

These parameters could vary significantly depending upon who performs the measurement. 

The estimates included here are based upon knowledge of typical imagery and data 

processing equipment development and production costs.   Both commercial and military 

types of equipment will be addressed. 

Nonrecurring Activities 

Nonrecurring activities are those necessary to take existing equipment, 

implement new technology and update the designs to provide prototype terminals meet- 

ing the requirements presented earlier.    Table 5.1 shows  estimates of the costs to the 

Government associated with obtaining the first unit.   It should be noted that the esti- 

mates are in "1976" dollars. 
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Table 5.1.    First Unit Costs ($000) 

Tenwinal Typ« 

"D" 

Commercial 
Spocificotions 

545 

265 

Military 
Spacificotions 

1,120 

560 

NOTE 

The nonrecurring cost for the "D" terminal is also 
included in the cost for the NB" terminal. 

In regard to schedule, the first commercial prototype could be delivered 

12 months after go-ahead.  The military model would probably take 15 months. 

Recurring Activities 

Estimates of recurring costs for small (S10) loh of terminals in terms of 

"1976" dollars are shown in Table 5.2. 

Table 5.2.   Unit Costs in Lots of Ten ($000) 

Terminal Type 
Commercial 

Specifications 

240 

100 

Military 
Specifications 

300 

180 

Program Costs 

Three theoretical programs have been investigated in regard to costs and 

funding requirements.  These programs ore defined as: 
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1. European Test Net - TM$ program would deploy four "B" and 12 "D" 

terminals at selected sites in Europe by the beginning of 1977 for 

evaluation under conditions of actual use.  The terminals would be 

built to commercial specifications. 

2. Solid Shield 1978 - This program would deploy five "B" and five "D" 

commercially specified terminals within the United States by the end 

of 1977 for use in the Solid Shield 1978 exercise.   Again, evaluation 

Mould occur as a result of actual use. 

3. Normal »»reproduction Production Program - This program would be the 

normal military hardware procurement program with definition, proto- 

type, qualification test, operational evaluation, preproduction and 

production phases. 

For estimating purposes, four prototypes of each terminal types have 

been included with 27 production HB" terminals and 131 production 
HD" terminals. 

Table 5.3 shews cost   estimates applied by calendar year.   Factors were 

included for economies in producing quantities and for the effects of inflation.   Costs 

include nonrecurring efforts and contractor O&M support. 

Table 5.3 .    Program Costs ($000) 

]976 19£ 1978    1979      1980    IW 1982    Total 

European Test Net             2,500 300 2 800 

Solid Shield »78                1,300 800 100 2,200 

Test Net and Solid Shield 3,500 1,200 100 4,800 

Preproductlorvtreduction 1,000 1,500 1,000 6,500 11,000 8,500 3,000 32,500 
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NETWORK CONSIDERATIONS - EUROPE 

A1.0 INTRODUCTION 

A look wat token of the assets available for com nunicoting in ths European 

theater of operation during the 1976/1977 time period and beyond.   The available assets 

and means in which they might be utilized has been reported.   Recommendations as to 

what the ground rules might be for establishing on imagery dissemination test in Europe 

are discussed.   Overall evolutionary trends of the DCS and other interfacing communica- 

tions assets are described herein. 

It is understood that a demonstration will be established in the 76/77 time 

frame in the European theater involving 4 "B" and 12 "D" terminals.   No attempt will be 

made to select the sites since this is the Government's responsibility, but ground rules 

which could affect the successful outcome of the overall experimentor test program and 

the site selection will be discussed.   The flexibility in providing various data rates in 

addition to the 2400 b/s test system rate will also be covered.   DCA-EUR will allocate 

any circuits required in the DCS assets in the European theater.   Rules for describing the 

needs for the experiment can be derived from the material presented here. 

A2.0 EUROPEAN COMMUNICATIONS ASSETS 

The current DCS is predominantly analog in nature i .e., the 4 kHz (3 kHz 

on some undersea coble and HF radio) frequency-division multiplex (FDM) voice channel 

is the carrier of matt of the information transferred over the DCS. 

A2.1 AUTOVON 

The switched voice network commonly known as AUTOVON is a network of 

voice channels switched on a space division basis.   Data transferred over this network is 

converted to quasi-analog signals and synchronization between terminals is on an end-to- 

end basis in the form of both bit time recovered from the received signal and frame or 

block timing bated on specific data stream format.   This system is the DCS equivalent of 
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the commereiol r.lephon« «ysteo, that we all use at home.   In addition to the normal func- 

tions of the commercial system such functions as proempfion, conferencing, survivability, 

and precedence call initiation are provided.   In Europe, the primary AUTOVON switch- 

ing centers are located in Germany, Italy, England, Greece and Spain as listed In 

Table Al. 

Table Al.   European AUTOVON Sites 

Feldberg, FROG 

Langerkopf, FROG 

Donnersberg, FROG 

Schoenfeld, FROG 

Coltano, Italy 

Mt. Vergine, Italy 

Martlesham Heath, UK 

Hllllngdon, UK 

Mt. Pateras, Greece 

Humosa, Spain 

An Interconnecting network has been assembled between these circuit switch- 

!ng sites.   It is possible to dial anyone in the world who is connected to the AUTOVON 

teleeommunlcotion. network and If the dialing party has the correct level of precedence 

and the other party is available a connection con be accomplished.   Any terminal Inter, 

facing with AUTOVON which utilize, the correct addressing scheme as spelled out in the 

AUTOVON standards can communicate with another like terminal. 

A2.2 AUTOOIN 

The switched data network is a message store-ond-forwoid switched network. 

Data in AUTODIN is transferred over 4 kHz voice channels in a quasl-analog form and 

synchronixatlon and encryption Is on a link-to-IInk basis; i.e., from user-to-switch, 

switch-to-switch and switch-to-user.   It i, a ma.ter-.lave relationship in that AUTODIN 

switching centers contain highly accurate clocks and synchronous terminals are configured 

to be slaved to the timing recovered from data streams received from the switch.   Frame 

end block timing is olio obtained through the rigid format and protocol used. 

In Europe, there ore four AUTODIN .tore-and-fbrword meuage .witching 

center».   The* ore located In Germany, Italy, and England as shown in Table A2 below. 
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Table A2.   European AUTOOIN Site$ 

PJrmosens, FROG Colfano, Italy 

Croughton, UK Aujtberg, FROG 

The AUTOOIN Switching Center accept, properly formatted data from .ub- 

»crlber terminal..   A hierarchical next level subscriber interface point is the Digital Sub- 

»criber Terminal Equipment (DSTE).   A terminal requiring digital transfer of information to 

another terminal may interface either through the DSTE or directly with the AUTODIN 

Center once It has been ensured that the proper format and blocking J, being used.   The 

AUTODIN standard, .p.cify the p.oper manner   > which terminals may Interface this store- 

and-forword message switching network. 

A2.3 AUTOSEVOCOM 

The current secure voice network is switched on a space-dlvision bosi. over 

a combination of 4 kHz vdc. channel, and .pedal 50 kb/. conditioned circuit..   Depend- 

ing on the .peclflc circuit -tup, .ynchranlzatlon I. either on an end-to-end bod. or on a 

u.er.to.swltch.to-u.er bosi. or the .witch would regenerot. the .Ignol. 

There ore four AUTOSEVOCOM wideband AN/FTMI .witch .It« locate 

In Europe.   These ore located as shown in Table A3. 

Table A3.   European AUTOSEVOCOM AN/FTC-31 Switch Sites 

London, UK 

Welsbaden, FROG 
Heidelberg, FROG 

Stuttgart, FROG 

The current application of this system is to Interconnect locallxed subscribers 

(those within 20-30 kilometers of each other via a special 50 kb/s wideband ^rvlce 

which is «.omatically switched thr«,gh the FTC-SI switches).   If a U^-heul Intercon- 

nection is required, there 1. an operator-controlled swltchbootd called the SEVAC ouocl- 

oted with each FTC.31 that allows narrowband 2.4 kb/s to 9.6 kb/. lnter.wltch connection 

/ 

100 

IWiWirillMHWmiijini 

-«r»—qi»,?|iij   ^i^f/ftfi^miff 

19^0 mtmmtm 
;;k!iu y-i v^1 

S ■^^ 



' 

^ dl9lt0, <•„, In ,„. iniMdie(. _ „ ^ iwrtch ^ ^ kbAw t   ^ ^ 
menf^d itore-and-forward method send thm d<*n t~   M- * 
frank.     Tk' .w u 9     ,tOne0 thr0ügh the ^«^»and rrunki.   This could be cvuiderad M nn ««*:»- i 

«-ct, ,h* th, cur,«« AUTOSEVOCOM .^.m „ „„ |0^.r ^^ 

^•^ DCS Trorornlwion Foclllti«« 

DCS •   ... t 
Th,,, h° "•B'^e0n, ™,W0* " "0Mmf"i9n fec""," -'-«"»"ing .K. IÄ.5 in th« EuropMn thaattr of activity    Th. »di. 1..1 -1       . 

"""»"ty.   tIM mdla includes microwove, coble, trooo- 

.cottor commonlcwlon, W ™dio ond eomnwclol PTT foclllti«. 

Sine, „any „ tl>M, ,„„.„,„,„ ^^ ^^ ^ ^ ^ ^ 

~* n^ ,0 occ« ,h. .y».* ,My „ ^roo^ , ^^ ^^      WB(M 

«. tfv« „lo,p.,«, u, „„, f0f „B|erewov# connKtioB ^^(wo^^^ 

-H. E-opoon ,W.r) tH. „^ rf ,,,., ^ chonn#u ^ ^ ^^ ^       ( ^ 

- .. «f thon «» .w(,ehln9 „„„.   ^ „ fh. foet ,ha, F0M 

co-n, , ^ „ „ p..,,,. ,0 .„,, „. .^^ „,, ^ w e ^^ ^ ^|    - 
cW.0 M „ *. „ ^^ |M| ori ^^ ^^ 

n: r    - *** *"n- ,"od-,^-"- -«-^ ^-- -« 
.  .t Pr0,t,' ","rf0Md Wi,,, "'^ "- m'M','' ■«*• " "^ nod« „, ot th. swifehmg confers »hewelvef. 

DCS thn. ,    ,   TÜÜ '' e,"Wn">' ^ M,,m,, 8,0Und •,0"00 '•ffl,,n<■, —,«- "'"- "- 

101 

«VMI*«)*« .>'l^ii.  1 IIIMM^'" .it^iM |in  wlß 



Toble A4.   Transmission Facilities - fcurop« 

mmm. 

Coble 

HF TRC-24 

TEL PACK 

SATCOM Terminal 

Microwave Tropo 

FRC-37 FRC-75 

MW-508D MRC-80 

MW-509E FRC-96 

LC-8 FRC-136 

74A2 MRC-98 

HM-510/560        MRC-121 

TRC-180 TRC-66 

TRC-150 FRC-56A 

FRC-109 FRC-39 

LC-4 

FM-120 

FRC-80 

FRC-U7 

EM-12/400 

MW-503 

FRC-84 

A3.0 TEST RECOMMENDATIONS 

The factors that will hove on impact on the design of on experimental imag- 

ery dissemination effort In the European theater of operation are discussed In the following 

paragraphs.   Of particular interest are comments on the rules that should be adapted in the 

planning of a successful experiment for the dissemination of secure Imagery through auto- 
matic or manual means. 

A3^ Nodol Adjacency 

I» U very Important that the tail connections to nodes or switching center, be 

minimized in length.   The longer the toil, the more cornet It become, from the stondpolnt 
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at 16 or 32 kb/t. An 8/16 kb/swir« lin« modam is being developed by Harris ESD under 

the auspices of RAOC.   This modem in its earl/ development form may be avaiiable in 

several copies during the time frame of the planned experiment.   The 16 kb/s rate It only 

adequate when utilized with CVSD voice anolog-to-digitol conversion since it essentially 

will hove o BEK on the order of 10"2.  The eight kb/s mode will have a 10*   BER which 

will be adequate for the imagery interconnection.   This development should be kept in 

mind in the experimental planning.   There are quite a few modems available that could 

serve each and every of the data rates mentioned above.   Therefore, they ore generally 

not considered a problem unless it is necessary to squeeze into a rather narrow channel 

bandwidth such as a voice grade four kHz bandwidth with eight kb/s of data.   Harris ESD 

is also developing a two bits/Hz modem to be utilized for digital trunking applications 

and also is being developed under the auspices of RADC.   The considerations relating to 

KG's are detailed later in  Paragraph A3.7. 

A3.3 Dial-Up Considerations 

It will be passible to conduct automatic dial access to desired imagery ter- 

minals connected to the AUTOVON Syifem through conventional pushbutton matrix Ini- 

tiation.  The matrix Is conventional from the standpoint of AUTOVON since It has addi- 

tional pushbuttons relating to the levels of precedence invoked in that system. 

It will be possible to either use a telephone subset in conjunction with the 

imagery terminal or to build in this function as desired. 

A3.4 Dedicated Interconnections 

It is possible to provide a strictly preassigned interconnection system on 

either a point-to-point or multiline point-to-point basis.   The dedicated system would 

allow Intercommunication between any two terminals at one given time through the selec- 

tion of the proper dedicated channel by the terminal operators. 
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A3.5 Oggroter Intervenfton * 

It is posslbl« to provid« o monuol intei connection for purposes of conducting 

the imogery dissemination experiment through tech control patching at the nodal or cir- 

cuit twitching centers.  This could be operationally adequate for the experiment but would 

not be amenable to long-term implementation of the theater dissemination system.   If the 

AUTOSEVOCOM it modified and the SEVAC is used, an operator intervention is normally 

provided for the 50 kb/s interconnections should the terminal operators desire such assis- 

tance.   This only applies to the case where long-haul narrowband trunking it associated 

with the 50 kb/s to local service. 

In the case of manual PBX operation, an operator con be employed to con- 

duct the interconnection on a requested bails. 

A3.6 Certified Facllltiet/CI 

Since it is expected that real intelligence imagery will be transferred 

during the experimental tests in Europe, it will be necessary to have RED facilities from 

the TEMPEST standpoint.   This aba implies the use of crypto equipment for protection of 

intenite connections. 

It is essential that any special clearances required for contractor personnel 

to obtain access to the sites where the terminals are to be utilized must be acquired in 

plenty of time in aider that delays In entry do not disturb the overall experimental test 

program.   We have rocently participated In the conduct of tests of the EICS system devel- 

oped by Harris ESD at Ramstein and Schierstein In the FROG.   Careful planning was 

required in order to ensure the smooth running of those tests. 

A3.7 COMSEC Considerations 

The AUTOVON System can provide digital interconnection when used 

with 2.4 kb/s madams.  There ore o number of contemporary cryptographic equipments 

that can satisfy this need.   Examples are the members of the KG-30 series, the anti- 

quated KG-13, thenewKG-81 orKG-82, theKG-28, etc. Ifthereis a system need to go 
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to Hato rates in excess of 1 Mb/s with the KG-30 series, the HN-74 phasing unit is 

required.   This allows secure operation in exctss of the 1.5 Mb/s contemplated for the 

imagery dissemination termlrvals. 

If the FTC-31 switches or» used for local 50 kb/s routing, the same KG's 

as above could be used after one deletes the KY-3 units from the system.   interswitch 

narrowband tnmking via SEVAC could be accomplished directly with the current KG-13 

units operating at 2.4 kb/s. 

When the TRI-TAC System is employed in the field, operation will be con- 

ducted at 32 or 16 kb/s using the LKG.  The TED is generally planned for tnmking at 

either a trunk level or sufamultiplex level between TRI-TAC switches.  However, these 

units (LKG and TED) could be utilized in other non-TRI-TAC related applications.  The 

TRI-TAC use could only be employed if the experiment was delayed by some time.   A 

ruthless preemption could be employed in that case and up to 20 Mb/s trunks could be 

utilized if the imagery data were important enough.  A current system for interconnecting 

the U. and S. CINCS is currently employed which utilizes ruthless preemption at 50 

kb/s for secure voice conferencing. 

A4.0 COMMUNICATIONS TRENDS IMPACTING EUROPE 

The evolving communications technology and plans that will affect the 

dissemination of imagery in the European theater (and elsewhere) are now discussed.   Since 

the actual deployment is a function of the budgetary and political policies of several 

future administrations, actual dates have no real significance in depicting the evolution. 

In their place the time periods have been called near future, digital growth explosion and 

future integrated digital network.   A guess for the three periods would be the present to 

1985, 1978 to 1995 and 1985 to 2015. 

A4.1 OCS-Near Future 

This period In the DCS evolution consists of two major thrusts; that Is, con- 

version of transmission paths to digital operation and conversion of switching to time 
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diviilon techniques.   Implementation of the tronsmiwion path convenion is currently 

in progress on a relatively small scale test bed basis and will continue throughout the 

conversion process.   Implementation of the switching hierarchy conversion will start in 

the near future. 

A4.1.1 The FKV Project 

This project is being implemented.   In involves conversion of selected line- 

of-sight microwave links in Germany from FDM/tM operation to KM/JDM/fM operation. 

The paths connect Frankfurt, Koenigstuhl and Vaihingen, thus FKV.   It utilizes both 

commercial and military versions of the Bell System KM/TOM hierarchy.   All analog 

signals (voice, quasl-analog, data signals, signalling tones, facsimile, etc. ore converted 

to digital signals in a two-step process; i.e., amplitude sampling of the analog signal at 

an 8 kilosamples per second rate, and quantizing of these samples into 256 levels using an 

8-bit word.   The eighth bit is also shored as a signalling channel for supervisory signals 

(on/off hook, etc.).   The individual quantized signals are time division multiplexed into 

a composite signal of 1.544 Mb/s representing the equivalent of 24 voice channels. 

Data stream users In digital format can also be accommodated in later configurations of 

this first-level TDM; I.e., digital I/O cords con be substituted for voice channel cards 

on a one-for-one basis to provide 0-50 kb/s and 56 kb/s asynchronous ports, and 56 and 

64 kb/s synchronous ports.   The asynchronous ports are accommodated through buffering, 

bit stuffing and encoding techniques while the synchronous ports are clocked by the TDM. 

The second level TDM accepts from two to eight of the first level streams on 

an asynchronous basts, i.e., each firsHevel TDM uses on independent internal clock at 

a nominal 1.544 Mt^t rote.   Second level synchronization is accomplished through a 

combination of buffering and bit stuffing.   The composite stream is then converted to a 

three-level partial r«ponse signal and applied to the FM modem of on analog oriented 

LOS path on a llnk-«o-llnk basis through conventional receive time recovery techniques, 

First-level TDM synchronization Is via the buffer/bit stuff/umtuff processing.   Quasl- 

onalog data Men via the FCM voice channel maintains synchronization on an end-to^end 
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basis; data users, via the digital ports, maintain synchronization through the buffer/bit 

stuff/encoding processing in the fint-level TDM for asynchronous users, and on a master- 

slave basis for synchronous users with the user slaved to the first level TDM as matter. 

The beauty of this scheme is that while it peimits conversion of transmission 

links to digital operation with Its inherent improvement in performance for both voice 

and data users It also permits retention of all existing analog voice channel space-division 

switching and data message store-and-foiwaid switching. 

• 

A4.1.2 Project DEB 

The next step In transmission path conversion if Project DEB which is a 

series of phased tasks for further conversion of the European LOS links to digital operation. 

Although at the time of this writing a final decision has not been made, It appean that 

early phases will be a refinement of the FKV project.   Additional LOS links will be con- 

verted to digital operation utilizing the three-level partial response modulation scheme 

over the FM LOS radio path.   However, a Digital Applique Unit (DAU) Is being devel- 

oped whisr. adds considerable capability to the subsystem.   In FKV, the binary-to-partial 

response signal convenion Is accomplished as a function of the second-level TDM as is 

recovery of bit timing interval in the TDM receiver.   Radio path dlvemty combining/ 

switciin and hot standby switching are still performed on an analog parameter detection 

basis at the :F frequency or at the FM baseband.   The DAU concept combines the three- 

level partial response modem, a local clock, diversity switching/combining, receive bit 

time recovery circuitry, a means of pseudoerror performance monitoring, insertion/ 

removal of digital order wire channels, hot standby switching control, a message stream 

randomizer and other digital functions In a common facility.   It is arranged to be either 

synchronous on a link-to-link basis with the DAU clock and receive time recovery clock 

providing timing to the TDM hierarchy, or to operate as a slave to a station master clock 

which can be an independent clock or o nodal clock in a timing/synchronization subsystem, 

The TDM hierarchy will also be refined in order to provide 8,000 n bits per 

second I/O ports for compatibility with the new 8,000 n bits per second standard data 

rate users; the TDM will also be arranged to be convertible from the asynchronous bit 
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ifxtff mode to o synchronous nonbit stuff mode TDM.   These innovations represent good 

planning in that provisions are made for introduction of synchronous operation at any 

time period. 

Later phases of the DEB project will probably introduce a new digital radio; 

i.e., one which ellmlnaTM the FM modem and substitutes a digital modem at an IF inter- 

face.   This is known as the DRAMA teiminai and Includes the multiplex and radio functions. 

This radio can be operated on a link-to-link synchronous basis or as a slave to an external 

clock.  From the network timing point of view, the new digital radio is similar to the 

DAU concept except for greater bit rates and some potential improvement in performance 

in terms of average BER, availability In terms of average BER, and In maon-to-loss of 

bit count integrity during deep fades.  The latter is extremely important in the case of 

maintaining cryptographic synchronization. 

Harris ESD Is directly involved in these efforts by our participation with 

RADC to develop a 70 MHz IF Interface digital modem having a 2-bit/Hz bit density at 

RF, our internal R&D program to develop the DAU,  our contract with RADC to develop 

the concepts and Initial units of an 8 kb/%/16 kb/s wire line modem, and our participation 

with DCA and the Anmy In developing specifications for the digital radio and conducting 

a study of the precise time and time Interval requirements for the evolving DCS. 

A4.1.3 Digital Tropo 

Another ongoing project is the development of a digital modem for use 

with trepospherlc scatter radio links.  This modem will interface with the same multiplex 

hierarchy as will the LOS links and be configured to be synchronous on a link-to-link 

basis or be slaved to an external clock. The primary difference of the digital TROPO 

link will be the lower grade of performance In ten« of bit error rate, bit count Integrity, 

availability due to the more frequent deep, rapid, and dispersive fades and a wider 

variation In path length due to these fades. 
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A4.1.4 Mk EncrypHon 

AnotUr significon» chonp during fh«e «fforh Is th« introduction of bulk 

encryption; i.«., at voriow lovol« in th« TDM hiororchy <■ oppoMd to oneryptJon on an 

individual uMr channtl boils.   Encryption will also toko place on a user channel basis, 

where required, but all information travening the digital transmission link will be 

encrypted on a bulk basis.  These bulk eryptodevlces will be arranged to receive timing 

from the modemADM hierarchy or from an external clock source.   The actual devices 

devised for this application are the Trunk Encryption Devices (TSEC/KG-81). 

A4.1.5 DSCS 

The DSCS will also undergo an evolution to synchronous digital link opera- 

tion.   Although the present DSCS links primarily serve unique users requiring wide band- 

widths and access to remote areas, the future DCS oonotpt envisions a more extensive 

utilization of satellite links for intemodai trunks and conversely the temestrial DCS will 

provide extensive extension of the satellite channels to users remote from the earth 

terminal. 

The DSCS conversion. In most respects, parallels that of the terrestrial 

LOS links; i .e., some link conversion on the basis of PCMADH^M and most on the 

basis of single channel per carrier digital modems.  Harris ESD Is participating In these 

efforts with SATCOMA by haying developed the PSK and QPSK modems being used in 

the DSCS terminals.  The digital DSCS termlnoti will also contain a timing distribution 

capability.   On the receive end of a link, buffers will be utilized to accommodate the 

Doppler effects and path length variations caused by the cyclic satellite pattern.  A 

portion of the satellite transponder will be arranged to provide a frequency or timing 

beacon, receivable by all earth terminals and traceable to universal time.  At the earth 

teimtnols, this signal will be used to slave modem and multiplex clocks. 
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A4.1.Ö IntfDduction of Time-Divitton Sw»iching 

Introduction of timo-dlvWon switching which it o combination of temporal 

and spatial twitching in oonfuncfion with a supporting timo-divtsion multiplex hierarchy 

forces the issue of synchronous nodes. 

In a time-division multiple^/switching environment with bit streams arriving 

from many diverse sources with varying degrees of connectivity, each incoming bit must 

be available to enter its assigned tlmesiot at the specified instant it is required.  An 

ideal system of course with exact time at every node and fixed delays between nodes 

could easily accommodate this requirement.  However, In the real-world environment, 

these conditions do not exist and there are variations In both time and path delay between 

nodes and between users and nodes. 

Two major DCS programs and one major technical program force this decision; 

i.e., DCS Secure Voice 11, DCS AUTODIN II, and TRI-TAr. 

Secure Voice II 

Secure Voice 11 envisions conversion of CONUS users to 8 Icb/s operation 

using voice channel modems for tranmltsion and AUTOVON space division swltchti^ 

modified to accommodate the 8 kb/s quasi-analog signals.   However, in overseas looatlons, 

during the same period, 16 kb/s secure voice will be Introduced fj, conjunction with a 

DCS digital time-division »witch (this switch may or may not be a configuration of the 

TRI-TAC switch). 

interface between the CONUS and overseas subsystem will be at a 

MAROON Interface.  Somewhat later same of the CONUS AUTOVON switches will be 

modified to switch the 8 kb/s users on a time-division basis.   Also during this period, 

lower level time-division oriented facilities will appear; e.g., digital PABX and digital 

access exchange (DAX). 
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AUTODIN II 

AUTODIN II plant not only to provide for computer teleprocessing and 

record commwnications for common usen but also must provide for absorbing certain 

dedicated networks such as WWMCCS and SATIN IV.   In the initial stages, the CONUS 

switches will be modified to provide pocket switching for several hundred teimlnals and 

processors while continuing to provide message store and forward switching to the bulk of 

its usen.   Later during this period, time-division circuit switching and multiplexing and 

lower level time-division oriented conoentraton or communications access processors will 

be introduced in the CONUS AUTODIN II complex.   Overseas the conversion plan is 

similar except for a later schedule and Military ownership versus leased facilities in 

CONUS. 

Another significant change introduced by AUTODIN 11 is the provision for 

end user-to-end user encryption through the swt tched network os opposed to the current 

user-to-switch, switch-to-switch and switch-to-user encryption.   This is significant 

because the existing synchronization in AUTODIN follows the link-to-link encryption 

scheme and must alto follow the AUTODIN II end-to-end encryption concept. 

TRI-TAC 

TRI-TAC is the faint Military tactical communication system and, as such, 

is not part of the DCS.   However, the TRI-TAC transmission plan depends on the use of 

DCS trunks to interconnect some o# #*•« I'JU-TAC switching, multiplex nodes.   The TRI- 

TAC switch is being designed at a multifunction twitch; i.e., it will handle analog voice, 

digital voice, und data traffic.   It tt a secure system and utilizes 16/32 kb/s ratet for 

the secure voice.  It will provide time-dtvition circuit twitching for voice and dcta and 

message store and forward switching for record communications.  There It no switching 

hierarchy; i.e., all TRI-TAC switching centers (ANATC-39 switches) operate on a 

lateral basis.  However, when connected to a DCS node for trantmission trunklng, they 

will appear as a minor node with unique characteristics. 

.» 
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The TRI-TAC switch subsystem consists of subscriber, digital swltchboods, 

encryption device, and the switch, all of which ore interconnected vlo a time-division ' 

multiplex hierarchy and, in turn, trunking between switch« is via a time-division multi- 

plex fanily.   All of the devices and links within a single .witch subsystem are synchro- 

nized on the master-slave basis to an atomic standard clock. 

The first few TRI-TAC switches will be in.-wduced during the same general 

period as the limited introduction of Secure Voice II and AUTODIN II time-division 
switching. 

M'2 The DCS-Dtytal Growth Explosion 

This period consists of all the time between the limited Introduction of time- 

division switching and up to the time at which the DCS Is a totally Integrated digital 

switch networic.  AUTODIN II, Secure Voice II and TRI-TAC tlme^lvlslon switches 

will be widespread and the great bulk of transmission links will be digital links.   Digital 

subscribe« will number In the 30-50,000., ond switching node, will number In the 20-30 

rong..   The switching center, will be well established In a tandem and regional «.Itch 
hierarchy. 

This hierarchy Is based on the concept of the tandem switch being a trunking 

switch serving AUTODIN II r^Ional switches. Secure Voice II digital switches and TRI- 

TAC switches; i.e., use« would not normally home on a Mndem switch.   The concept 

also envision, that a tandem switch would always be colocated with a regional switch 

ond Include the function, of a major Seam Voice II switch. 

The tandem switch thus becomes the DCS major node In that It Is the major 

Interface between the backbone tanking subsystem and the tlm^dlvUlon center, pro- 

viding acce« to that tnmklng for all «.r, via their reactive lower level .witching 
center. 

The regional switch center. Secure Voice II switch ond TRI-TAC switch 

then become minor nodes in that they are the Interface between the tandem .witch (via 

115 

»lljll'JI'H1'",!,« 

n—i Will i .amnummelsism 

•$.  y 
Jmm 



! 

digital linkt of a f«w f—f to many mi IM) and the next lower level which con consist of 

wen, digital PABX's, DAX, unit level switches (ULS), communications access proces- 

sors and independent user susbystems.  Minor node switches will normally home on two 

tandem switches to provide link rodundancy. 

From the present period through this growth period and on Into the final 

period, other digital system convenlon efforts may be implemented by others and must 

be considered since the DCS Interfaces with these systems and, indeed, in some coses is 

highly dependent on them.  These systems or», of course, the commercial carrier systems, 

foreign and domestic, and mililary systems, other than TRI-TAC, Including NATO and 

other allied forces.   Foreign common carriers are embarking on digital conversion plans 

similar to that of the U.S.oarrien ofthougb somewhat delayed In implementation schedule. 

INTELSAT Is moving toward construction of PCMADM/QPSKADMA ,I»*« 

at bit rates of 50-150 Mb/s.  These satellite links willoperote In a bunt mode with pro- 

else on-t 7 carrier control at the transmitter.  Receivers will have very rapid carrier and 

timing interval acquisition capabilities and all earth terminal Input/output port users 

must be synchronous with directly related data clocks by a master-slave relationship with 

the earth teimlnol. 

NATO and Allied Forces interfaces are well documented in the final report 

of the DOD Committee on Interoperability and much of the specific data is classified. 

However, in general, these systems are adopting the 8,000 nb/s structure and 16/32 

kb/s rates for digital voice; the NATO satellite trunks, now FDH^M, «^peor to be 

headed toward an 8,000 nb/s digital structure upgrade. 

This period Is truly one of the digital explosion; not only In terms of the 

DCS but also Including all mililary and commercial systems.  The "wired city" concept 

will (jipeor on  military Installations as well as In the cities.  New local area distri- 

bution transmission links, such as optical waveguide, fiber optics, millimeter wave- 

guide and LOS radio will enter the various subsystems. 
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A4.3 The DCS-Futyre Infgrofd Digitol NefwoHc 

This period ii conceived to provide a switching, tmnking and wer access 

network to provide access for any type of subscriber or subsystem for communications of 

all types of information within bandwidth constraints to other subscribers or subsystems, 

within the same community of interest or between communities of interest, on an end-to- 

end secure basis; the JMTTS Concept. 

This period would seem to be easier to accommodate than the previous 

explosion period.   Most, if not all, of the analog facilities will have been converted to 

digital operation, the myriad of interface problems will have been solved, and growth 

will have slowed to a more reasonable rote.   All of this would be true, if technology 

would stand still.   However, it will not and so the problems presented by this period 

and those following are predominantly those of future technology and its potential 

demands and impact on th« DCS. 
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